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STATESMANSHIP AND SPECIALIZED LEARNING 
By A N Whitehead 
Harvard University 


Presented October 8, 1W1 

This series of addresses is devoted to the con- 
sideration of the ways in which learning derived 
from the systematic study of Arts and Sciences can 
profitably influence the reorganization of civiliza- 
tion in the future beyond this war In so far as 
the world of learning today possesses a capital 
city, Boston with its various neighboring institu- 
tions approximates to the position that Pans oc- 
cupied in the Middle Ages Thus the importance 
of discussions initiated by these lectures cannot be 
doubted 

This first lecture is concerned with a preliminary 
topic — namely, the wide influence of social co- 
ordination on every feature of human life, and by 
contrast the specialized limitations of everv type 
of learning There is thus a gap between States- 
manship and Learning 

Our first impulse is to deny this gap We point 
to the various departments of social sciences which 
exist in every university in the neighborhood of 
Boston There are even departments for the train- 
ing of government officials This is true and these 
departments are doing a good job But their pur- 
pose is very restricted They either deal with very' 
wide generalities concerning human existence, or 
they are confined to the specialties of some par- 
ticular type of social coordination, for example, 
life in some South Sea Islands, or life amid the 
governmental activities at Washington, D C My 
point is that a survey of the World between the 
South Sea Islunds and the District of Columbia 
m the United States, discloses a most, perplexing 
number of types of social organization The two 
phrases — namely, ‘social coordination’ and ‘bocial 
organization’ — are apt to be misleading, by reason 
of their omission of any reference to the artiviti / 
which is an essential character of life The term 
‘social cooperation’ is nearer to the truth in ex- 
pressing the problem of human life We are apt 
to think of change in the past as the substitution 
of one static system in the place of another static 
system A great deal of learned history supports 
this false perspective When I look back upon my 
own young life during the remote period of the 
eighteen-seventies, it was largely dominated by the 
study of history. But curiously enough m my 
imagination History ended with the Battle of 
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Waterloo in the year 1815 Since then, the genera- 
tions of my grandfather, and my father, and my 
own young school companions, were just living 
This process of living was not History It was 
mere daily activity History in my imagination 
was concerned with the conflict of static organiza- 
tions such as England, France, Spain 

The dispatches of statesmen unconsciously falsify 
contemporary life Thej have to take the general 
set-up of emotional activity for granted and con- 
ceive of the adjustment of detailed consequences. 
But m altering the details the whole emotional struc- 
ture is affected For example, consider this country 
in the decade from 1860 to 1870 There was a des- 
perate struggle issuing m large-scale changes But 
the importance of these changes consisted in the 
deep transformation of emotional relations The 
conclusion from these considerations is the import- 
ance of the Arts for the understanding of human life 
This is a meeting of The American Academy of 
Arts and Sciences During the last hundred years 
there has been a resolute attempt to turn Arts 
into Sciences The founders of this Academy were 
right, there is a real distinction between the two 
The Arts are concerned with the various types of 
emotional satisfaction, including the sense of cor- 
rectness, and the Sciences with the various patterns 
which can be discerned and tested amid the acti- 
vities of nature In the Arts the pattern is a con- 
struction explanatory of the emotional satisfaction, 
in the Sciences the interplay of patterns is the 
essential consideration The comprehension of ex- 
istence requires the combination of Arts and Sci- 
ences In concrete human action, there is always 
a Science lurking behind an Art and there is always 
an Art stimulating a Science This is the reason 
why one Academy should include both Arts and 
Sciences 

In the analysis of the necessities of human ex- 
istence the Sciences take precedence On the 
other hand, when we are considering the purposes 
which Bhould guide our action, the Arts are m the 
foreground, and Sciences in the background deter- 
mine methods of procedure towards the goal de- 
fined by the Arts Of course if our actions are 
predetermined in every detail, this whole discus- 
sion is a silly make-believe which we cahnot avoid 
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because it is predetermined b> the frivolity of the 
Universe. I rather suspect, that this is the pre- 
dominant doctrine in this audience. You must 
forgive me, because it is predetermined that I pro- 
ceed on the contrary hypothesis 

The Arts take many forms — painting, sculpture, 
music, the analysis of the beauties of nature, cook- 
ery, and dancing, and architecture, and the deco- 
ration of the human body The two Arts most 
relevant to these discussions of our Academy are 
aspects of recollection and anticipation, enlarged 
and stimulated by verbal expression — namely, His- 
tory and Literature The essence of Hibtory is 
description of the physical activities of the man- 
kind in the past, with their function of eliciting 
various forms of emotional experience The emo- 
tional experiences of mankind are essential to His- 
tory For example, it is not the mere fact that 
two heads were detached from two human bodies 
that is History — the History is the emotional con- 
vulsion of the European world produced by the 
execution of Charles I of England, and of Louis 
XVI of France Of course it is the business of 
historians to make it certain that the heads in 
question were m fact detached from their bodies 
Thus the function of History is the display of 
emotion derived from verified facts Social Litera- 
ture is very analogous to History, but it has a 
wider scope It is concerned with facts which 
might have happened, or perhaps did happen, and 
with the emotions which might have been derived 
from those facts But in another sense, such 
Literature has a narrower seoi>c than History 
Such Literature must in some sense be believable, 
whereas experiences of human beings in fact de- 
velop beyond all powers of conjecture Thus Social 
Literature is conventional, while History exceeds 
all limitations of common sense 

In this short discussion of the function of the 
Arts in the interpretation of human behavior I 
have been using the term ‘emotion’ in a verv ex- 
tended sense, to include all activities of feeling ami 
discrimination which lead to action, enjoyment, or 
purpose 

Science is concerned with the relatively stable 
patterns of activity which in fact dominate exist- 
ence so far as yve can observe it. Such stable pat- 
terns arc essential factors for the determination of 
human behavior But our scientific knowledge is 
only partial, and is restricted to average results 
Science knows notlung of detailed eccentricities or 
of the gradual loss of stability as some patterns 
vanish and give place to others Some type of 
eccentricity in the past is then becoming normal. 


In this characterization of science I am merely 
agreeing with a statement by the late President 
Eliot of Harvard in one of his letters, wntten many 
> ears ago I refer to him, because among other 
great qualities he was the incarnation of sound 
sense 

After this preface we can now turn to the func- 
tion of this Academy in the present crisis of human 
existence 

Human lieings are complex, various, delicate, ex- 
citable, and purposeful They require a stable 
social organization in order to preserve them, and 
a large variety of opportunity to elicit their indi- 
vidual capacities But these requisites are ideals 
What in fact wc can hope for is a sufficiently 
stabilized society to preserve life, with some very 
limited opportunities for the expression of indi- 
viduality. This second requisite is the meaning of 
freedom 

These practical limitations of freedom make it 
necessarv that those types of opportunity which a 
social system embodies should be relevant to the 
dominant desires of the populations concerned 
It is not true that every society exhibits the same 
predominant desires among its members. Thus 
the first step in political wisdom is to recognize 
this astounding distinction between social groups 

Almost all effective thought belongs to one or 
another of two extremes namely, either complete 
abstraction from any special circumstances or com- 
plete concentration upon one special group of 
occurrences Induction is an effort to broaden the 
sociality of concentration Experience has proved 
that induction is a very slippery customer. The 
greatest success in its use has been to suggest some 
broad abstraction such as the notion of Genera 
and Species, or the doctrine of Gravitation com- 
bined with Newton’s Laws of Motion Neither of 
these abstractions is quite true; but they have 
created modern science For political thought in- 
duction from one society to another is most danger- 
ous It is useful 111 widening the range of imagina- 
tion; but its naive application is fatal 

A minor incident mentioned in the newspapers 
a few weeks ago illustrates this point. The Amer- 
ica Government, pursuing the doctrine of Free- 
dom, of which it is so justly proud, is arranging 
for the emancipation of the Phillipine Islands from 
American control This is a splendid example of 
a noble principle But it turns out that one of 
the smaller islands is inhabited by people of differ- 
ent origin, different habits, and different beliefs, 
from the general population These people of that 
Island have been completely satisfied with the 
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American supremacy, their ways of life are pro- 
tected. But they view with horror subservience 
to an independent Philippine Government It 
means destruction to them This is a minute illus- 
tration of the whole problem of political reorgan- 
ization. 

Of course there is nothing insoluble in any one 
of these problems. But a simple-minded approach 
to practical politics is disastrous In each partic- 
ular case there are always special factors which 
must not be neglected. 

And yet, when all this has been said, the large 
generalizations of science founded upon wide ab- 
stractions, only partially relevant to any par- 
ticular case, provide the essential basis for all 
sociological re-construction Within this century, 
science has provided new techniques, throughout 
its whole range from medicine to engineering, which 
are producing the greatest sudden revolution ever 
experienced in the habits of mankind The world 
has shrunken in size, and has expanded m oppor- 
tunity Today the adventure of ideas is the dis- 
covery of opportunity 

Our discussion now passes to the special problem 
of political reconstruction after the war This 
preliminary address is only concerned with the 
general outlook 

We shall be faced with a completely disrupted 
social system, in confusion physically, emotionally, 
and ideologically This statement certainly applies 
to Europe, and to large portions of Asia and 
Africa Also it must be remembered that sociolog- 
ical disruption is the most contagious disease 
known to mankind Thus the first requisite is that 
order lie imposed There can be no civilization 
apart from a well-organized system of inter-related 
activities, within which the intimacies of family 
life can be developed 

Human life discloses many types of social order 
existing in the world, and — what is more perplex- 
ing — a great antagonism between adjacent groups 
in respect to differences of kinds of order, kinds of 
emotion, and of individual human beings produced 
by those various types. The love of humanity as 
such is mitigated by violent dislike of the next- 
door neighbor 

For this reason, no single world-wide solution of 
the social problem can be successfully adopted 
Each special district must be studied with a view 
to the immediate solution applicable to it There 
can be no one general system of social coordination 
which does not destroy the special capacities of 
smaller groups. The essence of the world-wide 
sociological problem is the study of the modes of 


grouping mankind subject to some coordination 
ot the various groups. Of course, this conclusion 
is a commonplace for all successful government. 
In this country, there are forty-eight States, and 
the District of Columbia, all supervised by the 
Central Government Also in each State there 
are cities, counties, and townships, each with its 
freedom of action within limits 

Thus there must be a careful study of the pos- 
sibilities of grouping, and of coordmatung groups 
in different areas — for example in the Mahometan 
world of the Middle East, including Egypt, and m 
Central Europe stretching from the Baltic to the 
Aegean Seas with Russia and the Mahometan 
world on one side, and Germany and Italy on the 
other side There is Western Europe, with its 
various groupings Also there is the coordination 
of these groups 

But we have omitted the fact that owing to 
modern techniques the world in the future will be 
immeasurably more compact than in past history 
India, and China, and the Oceanic Islands of the 
Eastern and Southern Oceans, and the two Amer- 
icas which separate the ancient East from the 
ancient West, will be in essential, immediate con- 
nection with the small European and Mahometan 
Worlds, which first claimed attention It is herp 
that this Academy is of importance Traditional 
statesmanship must be infused with the dramatic 
novelty which the immediate future presents 
Among the people most responsible for this duty 
are the members of Academies of Arts and Sciences 
They can compare the modes of action in the past 
with the novel possibilities of the future It is 
their business to inform the populations and to 
guide the statesmen Above all, it is their busi- 
ness to cooperate w'lth each other, and not to exag- 
gerate the pettv views of the Universe which their 
own specialities present 

A stable order is necessary, but it is not enough 
There must be satisfaction for the purposes which 
are inherent in human life Undoubtedly the first 
essential requirement is the satisfaction of the 
necessities of bodily life — food, clothing, shelter. 
These economic factors are dominant up to the 
level of moderate enjoyment They then almost 
suddenly become the mere background for those 
expenences which form the distinction between 
mankind and the animal world It is the imagin- 
ative originality of mankind which produces ideals, 
good or bad We live guided by a variety of im- 
pulses — towards loving relationship, towards friend- 
ship, towards other types of enjoyment such as 
games, art., ideals of mutual enterprise, and ideals 
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disclosing some sense of immortality. This inti- 
mate development of human experience enters into 
political theory as respect for each individual life. 
It demands a social structure supplying freedom 
and opportunity for the realization of objectives 
beyond the simple bodily cravings 

Of course any one group of human beings, how- 
ever large, has a very finite set of appetitions, de- 
pending on past history and on the sort of prev- 
alent ideals In everv social system there are 
exceptions, mostly foolish but some of them beyond 
price It is of the essence of good government to 
provide some adequacy of satisfaction both for 
the large communal motives, and for all reason- 
able exceptions on which progress depends. It 
cannot be repeated too often, that the only security 
for progress is a sincere respect for each individual 
human being 

As we approach these problems the first words 
that occur to us are ‘freedom’ and ‘democracy ’ 
The preceding discussion has been devoted to 
elucidating the fact that ‘freedom’ apart from 
relevant ‘opportunity’ is a meaningless notion 
Robinson Crusoe could do what he liked on his 
island but, until the savages turned up, there was 
nothing for him to do The history of mankind 
with its wars is the tale of groups of people seek- 
ing opportunity by the oppression of their neigh- 
bors Sometimes these wars sink into minor dis- 
turbances and are conventionalized, as in the late 
middle ages and in the eighteenth century 

The enthusiasm for crusades — Mahometans at- 
tacking Christians or Christians attacking Ma- 
hometans — illustrates the poverty of life m the 
Middle Ages Also slavery, or half-slavery, by 
eliminating the claims of a large portion of the 
population, preserved the limited store of oppor- 
tunity for the fortunate minority Today the no- 
tion of a master-raee is being revived, and most of 
us are agreed that it means the moral degrada- 
tion of mankind. 

Within the last four centuries there have been 
three dramatic disclosures of new large-scale op- 
portunities I put aside the Italian Renaissance 
for it only concerned a fortunate minority It was 
the last spurt of the Middle Ages Thomas 
Aquinas would have enjoyed it. 

The first disclosure was the discovery of a new 
world — namely the half-empty continent of Amer- 
ica, as the immediate result of the new technique 
of oceanic voyaging The real discovery was in 
fact the new art of navigation, and America was 
the first gift derived from it. The history of 
civilization opens a new chapter at this period, by 


reason of this increase of opportunity. The prob- 
lem of existence was not solved, but hope entered 
into human life as never before. The three coun- 
tries most concerned — namely, Spain, the Nether- 
lands, and England — for the period of about 150 
vears starting with the sixteenth century, exhibit 
a stage of excited hopefulness, while unfortunate 
Germany was torn to pieces by disputes inherited 
from the Medieval World France was balanced 
between the two periods, and developed the bril- 
liance of the old European civilization The in- 
tensity of the French Revolution showed that novel 
opportunity had not penetrated throughout the 
nation 

The second enlargement of opportunity began 
about two and a half centuries after the first It 
was the industrial revolution which gradually de- 
veloped from the middle of the eighteenth century, 
with its two culminations in the invention of the 
steam engine, and the invention of the railway. 
Human life was transformed 

I am inclined to believe that its best effect was 
in opening the whole extent of North America to 
the European population This was due to the 
steamboat and the railway But nothing great in 
human history is due to a single cause, and we 
must also add the influence during the American 
Revolution of great statesmen guiding a peculiarly 
intelligent people 

At least, the new techniques transformed life 
throughout, the world, more especially in Europe 
and America In western Europe during the 
second quarter of the nineteenth century there 
was a period of optimism The problem of human 
life seemed to have been solved, and the first Inter- 
national Exhibition in London, during the year 
1851, celebrated this glorious triumph with the 
creation of the famous Crystal Palace 

Alas, something was missing It may have been 
the want of intelligence among statesmen and in- 
dustrial leaders It may have been that the de- 
velopment of techniques was less fundamental than 
it seemed Whatever the reason, the Crystal 
Palace, very symbolically, has been burnt down; 
and the nations are now struggling to avoid the 
ancient evil, which is the selfish mastery of the 
few over the many. 

At the present time, we are in the first phase of 
the third enlargement of opportumty, perhaps the 
most important crisis in the history of civilization, 

Thp intellectual development of mankind, with 
its self-conscious criticism, has a recent growth of 
some five or six thousand years. Its earlier stages 
seem to consist of traditional legend with the mm- 
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imum of coordination But about two thousand 
six hundred years ago, a widespread movement of 
critical judgment on the nature of things had 
established itself, The European races derive their 
special systems of thought from the brilliant races 
m the Eastern Mediterranean and the Near East, 
more especially from the Greeks But in the 
course of ages the centre of activity has moved 
backwards and forwards through many races from 
Mesopotamia to the Straits of Gibraltar It has 
also spread northward There were analogous 
movements in China and India ; and the three in- 
tellectual growths fed each other intermittently 
But European systematic thought has shown the 
greatest energy both in self-criticism and by its 
contact with practical activity Today it is re- 
fashioning the ways of thought and action in every 
civilized race of the World 

The result has been a gradual broadening of op- 
portunity But this growth has been intermittent, 
and wavering Slavery became serfdom, and serf- 
dom became free laborers on the edge of starva- 
tion The status of the workers improved, al- 
though the slums of industrial cities disgraced in- 
dustry Indeed at the very moment when the In- 
dustrial Revolution was in its prime, Multhus 
managed to prove that the mass of mankind must 
always live on the verge of starvation He was 
only answered by the nearest approach to an ap- 
peal to Divine Providence that men like John 
Stuart Mill dared to make Every factor involved 
in human existence is too variable to justify these 
sweeping statistical deductions based on past ex- 
perience 

As an historic fact, the gradual introduction of 
novel techniques has broadened the amplitude of 
opportunity for the mass ot mankind, slowly and 
wavenngly Within the past five or six hundred 
years there have been certain crises in this slow 
advance, due to these novel techniques These 
critical techniques are not the most interesting facts 
for abstract thinkers, but their immediate effect 
was overwhelming For example, the evolution of 
trans-oceanic navigation, as distinct from coastal 
voyaging, is not very interesting for abstract learn- 
ing But it changed the history of mankind 
Again, the thoughts of Galileo and Newton were 
of supreme interest, but the habits of mankind 
between the dates 1690 and 1750 were very slightly 
altered The total effect was that fortunate people 
had a new theme of intellectual enjoyment. In- 
deed within this period the introduction of cheap 
spirits, such as gin, probably did more harm to 
English life than all the noble thoughts of the 


Royal Society did good But the growth of Sci- 
ence did arouse an alertness of intellect The re- 
sult was the Industrial Revolution in the hundred 
years between 1750 and 1850 
Today we are at the beginning of a new crisis 
of civilization, which gives promise of producing 
more fundamental change than any preceding ad- 
vance The growth of science in every depart- 
ment of thought seems to have reached a stage 
where the whole spread of knowledge discloses new 
Iiossibilitios for practice This holds throughout 
the whole range of activities, from medicine to 
engineering, from mining to aenal flight, from the 
use of the microscope to the waves of energy from 
remote nebulae, from psychoanalysis to geology 
The whole of human practical activity ir in process 
of immediate transformation by novelties of organ- 
ized knowledge It is no longer a question of a 
new detail such as gunpowder, or printing, or the 
power of steam, or the novel machinery, or a new 
aspect of religious thought Today, the whole ex- 
tent of learned thought ir transforming every 
activity of mankind This is the largest epoch 
in human history Historical knowledge is essen- 
tial, but very dangerous The old phrases are 
misleading. For example, in this country it is no 
longer sufficient to tell young people to ‘Go West 
in a covered wagon ’ In my own country (Eng- 
land), the old habits must be completely reformed 
Again, we must insist, History is essential tor the 
direction of action but its nai\e application is verv 
dangerous 

Still more dangerous are the simple-minded 
generalizations of specialized scientists beyond their 
own limits of special know ledge The truth is that 
we must work together Historians must study 
the new possibilities of action; and scientists must 
learn the old chequered history of human emotion 
passing into large-scale social activities 

There is one prophecy upon which I will ven- 
ture It is that throughout the vast land-areas of 
the Old World — Russia and China, for instance — 
the example of North America will be predominant. 
Perhaps also America has something to learn from 
Russia and China. 

Also, forgive me when I conclude with a confes- 
sion of personal political faith I do not trust any 
extreme, abstract plan of universal social construc- 
tion. Such plans are important for the stimulation 
of the imagination But in practice every success- 
ful advance is a compromise The general ideal is 
the wide diffusion of opportunity The sort of op- 
portunity relevant to each special case depends on 
special characteristics of the populations involved. 
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Professor Whitehead’s talk laid down certain gen- 
eral principles which we may recall tonight with 
profit You remember his statement that human 
beings require a stable social organization in order 
to preserve themselves, and a large variety of op- 
portunity to elicit their individual capacities. 
“But,” he continued, “these requisites are ideals 
What in fact we can hope for is a sufficiently 
stabilized society to preserve life, with some very 
limited opportunities for the expression of person- 
ality ” In this last the speaker discerned the 
meaning of freedom He likewise pointed out that 
the practical limitations on freedom “make it neces- 
sary that the types of opportunity which a social 
system embodies should be relevant to the dom- 
inant desires of the populations concerned ” He 
reminded us that after the war “no single world- 
wide solution of the social problem can be success- 
fully adopted,” and that “each special district, must 
be studied with a view to the immediate solution 
applicable to it ” Professor Whitehead also made 
the point that ‘freedom’ apart from relevant ‘op- 
portunity’ is a meaningless notion 

Here, it seems to me, is a factor that was not 
provided for in the settlements after the last war. 
We established ‘freedom,’ or ‘democracy’ (if you 
like) in a variety of countries, including Germany 
itself, but without the economic opportunity to 
make that freedom worthwhile 

In Germany, for instance, the depreciation of 
democratic institutions (specifically, popular repre- 
sentation in the Reichstag) which set in with 
Bismarck and continued during the entire reign of 
William II turned men of energy and intelligence 
away from political activity into scholarship, 
finance, and industry, while the jingoistic propa- 
ganda of the nationalists tended to increase the 
authority of the crown, the bureaucracy, and the 
military caste. Hence when, in the fall of 1918, an 
attempt was made to transform Germany into a 
democracy, neither trained democratic statesmen 
nor a citizenry practised in independent thinking 
were available to make the system work. At best, 
an appreciable lapse of time was required before 
an understanding of the operation of democracy 
could take root. But this understanding could 
not be promoted unless the elements of the popu- 
lation likely to achieve it were encouraged and 
strengthened by the “opportunity” which Profes- 
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sor Whitehead mentioned For as long as dem- 
ocracy limped because of economic disabilities 
wished upon it by the very foreign powers which 
had insisted upon its establishment, it. had no 
vitality or popular appeal, and new weapons were 
thus placed in the hands of its opponents day by 
day until the catastrophe of 1933 In general 
terms, then, given a democratic victory in the 
future, it will not make much difference what sort 
of social and political system we establish any- 
where unless they possess economic vitality anti 
soundness 

Professor Whitehead referred to ideals. I mis- 
trust ideals in the minds of people who regard the 
means of approaching them as equally absolute 
with the ideals themselves, and therefore resent 
any change in procedure It is, for example, an 
American ideal not to engage in a foreign war, and 
a corollary to this ideal is the present reluctance 
to admit the thought of a new American expedi- 
tionary force on European or other foreign soil 
Aid to the embattled democracies “short of war” 
was another ideal, and many Amencan citizens 
consequently circulate with blinders on, refusing to 
admit that the ground has shifted In this in- 
stance not only has the procedure become imprac- 
tical, but the ideal itself is gradually proving un- 
tenable The combination of a specious ideal with 
emotional involvement, and motives of personal 
interest is thus a sure prescription for fallacious 
public opinion 

The problem of combining a stable social organ- 
ization with a practical volume of individual op- 
portunity is perennial, but the means of solving 
this problem inevitably vary For any human 
problem is eternal, but human solutions, being at 
best mere expedients, are only temporary, since 
time shakes the material and psychological bases 
on which these solutions are set, even though the 
ideals behind the solutions remain fixed 

We therefore ought not, I think, to be so simple 
as to persuade ourselves that there will be any 
universal finality about the solutions reached after 
this war Hence the slogans chosen to express its 
aims might well be a little less than categorical. 
It is perhaps permissible for a propaganda agency 
or a publicity man to talk glibly of “making the 
world safe for democracy” or fighting “a war to 
end war.” The former Allies made the world 
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temporarily safe for British and American dem- 
oracy, but by failing to provide the Germans with 
the opportunities to which Professor Whitehead 
referred or to realize that, as he reminded us, there 
ran be “no single world-wide solution of the social 
problem,” they managed ultimately to jeopardize 
practically every other previously existing or 
freshly-created democratic structure The man- 
ifest result has been a decline of confidence m 
democracy and a tendency to disparage any sort 
of freedom as against security, even when com- 
bined with loss of free speech and self-government 

Professor Whitehead wisely pointed out that 
“history is essential for the direction of action,” 
but that “its naive application is very dangerous” 
because “the old phrases are misleading ” This I 
take to mean that the wisdom of knowledge is not 
always coupled with originative or inventive im- 
agination, so that it is a human propensity to 
yearn for the recreation of the status quo ante 
It is, however, encouraging that the statesmen of 
the dispossessed nations who are now passionately 
discussing their various problems show little dis- 
position to be fettered by concepts which the past 
has proved to be faulty For the future of Central 
and Eastern Europe they are, in fact, eagerly de- 
bating various types of federation, and thus wisely 
working to satisfy Professor Whitehead’s call for 
coordinated groups 

On the other hand, we may talk eagerly of some 
ultimate form of Central European or Danubinn 
lederation But almost superhuman wisdom and 
patience will be required to reconcile national 
aspirations and jealousies which will be revived as 
soon as some prospect of liberation appears 
Statesmen who regulated the destiny of these coun- 
tries before the catastrophe may not necessarily be 
possessed of sufficient ingenuity to master new con- 
ditions, and those patriots who have withstood the 
rigors of enemy occupation may not enthusiasti- 
cally accept the authority of those of their luckier 
fellow -citizens who managed to spend the war pe- 
riod in the precarious comfort of London and New 
York The most zealous efforts of leaders in exile 
must be directed toward understanding and inter- 
preting the sentiments of their compatriots under 
subjection in order to present the latter’s needs and 
desires accurately when restoration becomes pos- 
sible Countries lately occupied will have to ar- 
rive at some degree of understanding with neigh- 
bors who not only were not occupied, but even, on 
grounds of national interest or cruel necessity, may 
have be?» forced to live m accord with the aggres- 
sors. The solution for Central Europe lies, not in 


clinging to points of conflict, but m removing them 
by common understanding and concession 

Howrever baffling these tasks are, they must be 
faced with determination and imagination by men 
ready to reject outworn tradition and to combine 
the lessons of the recent past with rational ideals 
of a better future in the creation of a peace of 
some duration It is vital that no settlement after 
the present war should be vitiated either by the 
dire influence of remote historical events or by the 
perpetuation of more recent sources of embitter- 
ment The crying need is for a spirit of healthy 
compromise, so that equal rights and opportunity 
may be established for Central Europe once the 
most dangerous points of contact between German 
and Slav are removed 

Such a rational spirit of compromise does not, 
by any means, preclude a decent respect for the 
problem presented bv long standing German areas 
of colonization or regions of recent German in- 
filtration in districts where the German element is 
surrounded by a majority of different culture and 
language The Nazis themselves have not re- 
frained from drastic measures of resettlement and 
transplantation to regulate such situations in their 
own interest, and they have quite openlv not onh 
declared, but also put into practice, their deliber- 
ate intention to wipe out the Slavic intelligentsia 
of Poland and Central Europe and to turn their 
Slavic subjects into a class of agricultural and in- 
dustrial helots In any peace settlement, what- 
ever German action has been taken toward the 
realization of this dastardly project deserves the 
most ruthless liquidation, including removal of 
German minorities and the settlement, elsewhere of 
such German immigrants as have been purposely 
introduced to form the nucleus of a new ruling 
class This process similarly entails the removal 
ot German population from areas historically pro- 
ductive of repeated international collisions, partic- 
ularly the Baltic coast from Danzig to Memel and 
its hinterland It does not mean, however, that 
these transplanted groups should be pushed back 
into an overcrowded Reich, but rather that, m 
compensation, appropriate colonial areas should be 
ceded to Germany which will absorb and employ 
its excess population, thus obviating the chances 
of its subsequent violent expansion at the expense 
of any neighboring European state 

But the lessons of the past go further stdl The 
causes of the present war may be summed up in 
the fateful triad of revenge, strategy, and nation- 
alism If there is any outstanding conclusion to 
be drawn from the experience of the last twenty 
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years, it is that setting up a senes of economically 
weak national states solely on the basis of romantic 
ideals, popular traditions, and strategic aims is no 
guarantee of peace To bolster up their weak 
budgets or to favor local industry, such states 
erect tanff barncrs which prevent the normal flow 
of commerce and exchange on which their very 
life depends If their territories contain linguistic 
minonties, the latter are discriminated against in 
business and politics until they seek support from 
the nearest large state to which they are akin, and 
eventually provide that state with a natural pre- 
text for intervention In order to counterbalance 
their more powerful neighbors or checkmate some 
adjacent state with good diplomatic connections, 
these small states unite in ententes and alliances 
which become the pawns of international polities, 
and give the statesmen of these minor organisms 
a chance to assume positions of influence for which 
they may not be qualified by experience or vision 
But with the progressive industrialization of the 
world and the need of reapportioning both essen- 
tial raw materials and export markets, there are 
enough problems confronting the major nations in 
their dealings with one another without the addi- 
tional risk of becoming embroiled over the petty 
aspirations, mistakes, and quarrels of these minor 
units 

In their own interest, therefore, sueh small states 
must inevitably resolve to combine into some form 
of federal organization But such a federation 
cannot live and thrive unless it rests on the en- 
thusiastic support of the masses, who need to be 
convinced that they are going to get a square deal 
from a government m which they have a direct 
stake through universal suffrage and graduated 
representation We all talk glibly of democracy, 
and any average American knows well enough what 
he means by it no vague abstraction but repre- 
sentative government, the secret ballot, unrestricted 
popular education, freedom of speech and wor- 
ship, equality of opportunity in proportion to a 
man’s capacity, absence of galling government re- 
straints upon a man's private life, the state created 
for the service of its citizens, not as a cruel master 
of the individual’s work and brain — in simple 
terms, precisely what one breezy Westerner called 
“the privilege of speaking one’s mind and eating 
regularly.” 

Yet it is an open question whether the same 
definition would always stand when democracy is 
translated to Central Europe Democracy does 
not mean government by an oligarchy of army 
officers, landowners, country squires, industrialists, 


or intelligentsia, nor does it. offer license for the 
impulsive activities of small political parties, each 
too doctrinaire to make concessions to its rivals or 
to do more than form a temporary part of some 
short-lived parliamentary majority For the re- 
sulting inefficiency of the whole governmental ma- 
chine is directly paid for by the declining pros- 
perity of the masses, who then become the easv 
prey of discontent and of hostile propagandas 
from right or left The essence of democracy lies 
in its permanent obligation and rapacity to cor- 
rect. and reform itself No great institution be- 
comes static unless it has begun to decay, and if a 
democratic nation does not remedy its own de- 
fects, hostile ideologies will use them as effective 
weapons against it A federation of this nature, 
then, must not only be economically sound, but it 
must also feed on a healthy popular lovalty 
Finally, however bitter may be the resent- 
ment felt by the dispossessed nations against the 
Germans and especially against the present masters 
of the Reich, it may be set down as axiomatic that, 
even though certain transplantations of German 
minority groups appear imperative, a generally 
punitive peace settlement should be ruled out as 
opposed to the common interest of the modern 
world Every devotee of democracy resents Ger- 
man pretensions to superiority over the Slavs and, 
conversely, no peacp can be enduring which re- 
duces eighty million civilized people to a state of 
IKilitieal vassalage It is likewise impossible to re- 
verse the current of history entirely by partition- 
ing a homogeneous nation now accustomed to 
unity Nor can peace be restored if sueh a nation 
is deprived of adequate trade outlets or raw ma- 
terial supplies If a virile nation is barred from 
colonial expansion, it will expand at the expense 
of its immediate neighbors hence certain colonial 
readjustments are vital To speak of annihilating 
sueh a nation is futile and barbarous It was 
Masaryk himself who said, “Wo often confuse 
hatred for another nation with love for our own ” 
As soon therefore as the Nazi system reveals its 
essential weaknesses under the pressure of ultimate 
reverse or defeat, the younger German generation, 
now so devoted to it, must immediately be given 
concrete proof that democratic ideology is actually 
superior to the false philosophy for which they 
have been making so many useless sacrifices. At 
this moment we may not foresee exactly what form 
of government is best for the German nation 
But whatever German government is set up after 
a Nazi debacle must not be paralyzed by galling 
restrictions and a sense of inferiority. 



These are some general and practical reflections our conclusions known, lest the adjustment of 
inspired by Professor Whitehead’s paper. As critical problems is left by default in the hands of 
scholars we must think on these things and make those louder-mouthed and less informed. 
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Any discussion of post-war problems is possible 
only under the presupposition that, the United 
Nations will win the war and that they will suc- 
ceed m destroying national socialistic and fascistic 
regimes, ns well as military dictatorships, when- 
ever they appear in Europe or Asia Should this 
not be possible, then there is no hope for this 
better world which we have in nund when we 
speak of post-war problems 

In our discussion, however, we will not proceed 
from this but from the other possibility, the reali- 
zation of which we fervently hope for the victory 
of the United Nations The new world order to 
be established shall be a community of States 
within which war will be excluded, a community 
the prosperity of which will be guaranteed by a 
permanent peace, “a peace which will afford to 
all nations the means of dwelling in safety within 
their own boundaries, and which will afford assur- 
ance that all the men in all the lands may live out 
their lives in freedom from fear and want ” (Point 
6 of the Atlantic charter ) 

Such an order is possible onlv under two funda- 
mental conditions First thero must be, as far 
as possible, political and economic homogeneity 
among the states forming the community There 
is little reason to expect communist or state capi- 
talistic states and status with a liberal economic 
system to exist side by side, even in a fairly loose 
international organization, as to expect democratic 
and autocratic states to combine in an endunng 
union Second a satisfactory regulation of the 
territorial relations of the states formmg the com- 
munity is imperative, This kind of regulation is 
possible only if it is conducted as cxtensibly and 
honestly as possible according to the principles of 
the right of self-determination of the peoples. 
Where minorities are unavoidable, they are to be 
organized as entities with constitutional rights 
The treaty establishing the international com- 
munity will grant them the status of personality 
m international law, so that they will have the 
right to call upon an international Court in case 
of the violation of the provisions for minorities 

As far as the first condition is concerned, a great 
difficulty arose when the Soviet Union became a 
full Ally of Great Britain and the United States 
of America in the war against Germany and Italy 
We must reckon with the necessity of admitting 
the Soviet Union into the new international com- 
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mu nit y, and we cannot expect that the Soviet 
Union, especially after a victory in which she had 
a great, share, will abandon her communistic and 
authoritarian regime However, this difficulty is 
perhaps not so unburmountable as it seems at the 
present time On the one hand, the economic 
system of the Western Powers has a clear tendency 
towards state capitalism, and on the other hand, 
a victory of the democratic states will strongly in- 
fluence the political system of the Soviet Union, 
whose written constitution already has taken on 
a democratic character It will only be necessary 
to conform the political practice in the Soviet 
Union to the wording of its eonstitution 
Much more serious, however, are the difficulties 
which confront the fulfillment of the second condi- 
tion, namely the principle of self-determination 
of the peoples, especially “the right of all peoples 
to choose the form of government under which 
they wall live" (Point 2 of the Atlantic Charter) 
It is almost impossible to found the peaee on this 
principle Of course, the peaee treaty will im- 
mediately restore Norway, Denmark, Belgium, Hol- 
land, Luxemburg, Poland, Czechoslovakia, Yugo- 
slavia, and Greece as independent states in full 
accordance with the free will of the peoples con- 
cerned These peoples will undoubtedly reestab- 
lish their democratic constitutions, or enact such 
where before the war more or less fascistic elements’ 
prevailed, as for instance m Poland and Greece 
But the major part of Europe offers no guarantee 
that, its peoples will voluntarily and spontaneously 
return to democracy and peaceful cooperation with 
the other peoples Let us constantly keep m mind 
that there exist in Europe eighty million Germans, 
more than forty million Italians, twenty -six million 
Spaniards, fourteen million Rumanians, thirteen 
and one half million Hungarians, who have lived 
for yearn under totalitarian regimes Especially 
the youth of these countries, educated by national 
socialistic and fascistic teachers, does not know 
the ideal of democracy and international jieace. 
Let us not forget that Hungary', Bulgaria, Slovakia, 
Croatia and Finland are now fascist, states, or are 
under the influence of Germany and Italy, and 
that, last but not least, a great part of the pop- 
ulation has, nghtly or wrongly, lost its faith m 
democracy As far as Japan is concerned, we all 
know that it is and has been, for many years, 
under a military dictatorship and that its younger 
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generation is completely alienated from democratic 
ideas 

Immediately after victory, it will not be possi- 
ble to organize this better world for which we are 
hoping A transitional period will be necessary, 
characterized by the following facts complete dis- 
armament of all states now under national social- 
istic or fascistic regimes or military dictatorship, 
political and military control of thebe territories 
exercised by a body of representatives of the United 
Nations, above all m order to win the population 
of these countries for democracy and international 
cooperation, and to educate their youth for these 
ideals No illusion is more dangerous than to 
assume that these Germans and Italians, these 
Spaniards, French and Rumanians, these Japanese, 
(more than two hundred million people) are demo- 
crats and pacifists, and that only their dictatorial 
masters prevent them from having the same politi- 
cal organization as this countn or Great Britain 

How long will this transitonal period last, and 
which is to be the political form of the Union 
which finally may be established 9 The first ques- 
tion cannot be answered now Everything de- 
pends upon circumstances which cannot la* fore- 
seen today As far as the second question is con- 
cerned, two different plans are suggested one i*> 
to reestablish the League of Nations, the other to 
create a completely new international organiza- 
tion The difference between these two plans is, 
however, not so great as it might appear at first 
sight For, should the League of Nations la* re- 
vived, it could never be the old, it must be an ph- 
tirch reformed League of Nations And if a new 
international organization is to be established, the 
lessons which can be drawn from the breakdown of 
the old League will be indispensable for building 
up the new community 

The decisive question as to the constitution of 
the new League refers to the degree of centraliza- 
tion which shall and can be realized in the law- 
creatmg and law -applying function of the new com- 
munity It is the question whether the interna- 
tional community shall or can have the character 
of a Federal State or only of a confederation of 
States There is no doubt that the amis of the 
intended organization would be achieved in the 
best and most effective way if this communitv 
would be organized as a Federal State, that means 
the establishment of a World Parliament and a 
World Administration which is, of course, incom- 
patible with the sovereignty of the member states 
of the Union On the basis of our experiences 
W’lth attempts of creating international organiza- 


tions, the idea of a World Federal State must be 
considered — this is my personal opinion — a utopian 
scheme Even if such a Federal World State 
should be desirable, it is, seen from a realistic point 
of view, quite unlikely that within a reasonable 
time great powers like the United States of America 
or the British Empire will umte with dwarf states 
like Denmark, Norway or Switzerland, that repub- 
lics and hereditary monarchies will from one day 
to the next give up their sovereignty, will found 
a Federal State, will submit their own govern- 
ments to a World Government in which all the 
members participate It is more than likely that 
this aim, if one accepts it as such, can be reached 
only in various stages From the political point 
of view, the only serious question is, what is the 
next step on this road to be taken with a view to 
success? Obviously, it can at first only be an 
international Union of States, a confederation of 
States, not a Federal State that one should set up 
It can be only a confederation of States, and not 
a Federal State, if the new community of states 
shall be created by an international treuty con- 
cluded by free and democratic governments and 
not by unilateral coercion exercised by a victori- 
ous power Such a Federation of States is not 
incompatible with the existence, within its frame- 
work, of closer and more centralized unions of 
single member states Such a closer union may be 
established especially by the United States of 
America, Great Britain and some others of the 
United Nations, ami must be established if these 
states accept the responsibility of a iiohtic.il con- 
trol of the vanquished countries 
As far as the constitution of the wider League 
is concerned, the breakdown of the League of Na- 
tions has furnished us a valuable experience One 
of the most important, if not decisive, causes of 
its failure was a fatal fault of its construction, the 
fact that the authors of the Covenant, placed at 
the center of this international organization not 
the Permanent Court of International Justice, but 
a kind of international administration, the Coun- 
cil of the League of Nations The Covenant placed 
the Council, not the Permanent Court, at the 
center of its international organization, because it 
conferred upon the League not only the task of 
maintaining peace within the community, by set- 
tling disputes and by restricting thp armament of 
the member states, but also the duty of protecting 
them against external aggression This protection 
of member states against external aggression is 
possible only if the government of the League dis- 
poses of an armed force, if the League has its own 
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army, navy and air force Such a centralization 
of the executive power means the establishment 
of a Federal State Because it was impossible to 
organize the League of Nations as a Federal State, 
the League failed completely in its duty to pro- 
tect the member states against external aggression 
The experiences of the League of Nations show 
that it is necessary to make a clear distinction be- 
tween the maintenance of internal peace within 
the League, and protection of the members against 
external aggression, and that it is hardly possible 
to fulfill the second task by the specific means at 
the disposal of a universal international organiza- 
tion embracing many different states As long as 
it is impossible to constitute this union of states 
as a Federal State, it seems to be more correct to 
limit the task to the maintenance of internal 
peace, and to leave protection against external ag- 
gression to political alliances between the member 
states To maintain peace within the interna- 
tional community, its constitution should try to 
establish the strongest possible guarantee within 
the compass of international law the obligation 
of the member states to submit all their disputes 
without exception to the compulsory jurisdiction 
of an international court and to execute in full 
good faith any decision of the court That means 
that the members of the League agree to abandon 
the use of force in their mutual relations (Point 8 
of the Atlantic Charter), except against a mem- 
ber which in disregard of its obligations refuses 
to execute a decision of the court or resorts to war 
or reprisals against another member, without being 
authorized by a decision of the court 
If the treaty constituting the international com- 
munity does not establish a central executive power, 
an army, navy, and air force of the League inde- 
pendent from the aimed forces of the member 
states — a rentral armed force at the disposal of a 
central government — the decisions of the interna- 
tional court can be executed against a member 
state only by the other members of the communitv , 
if necessary In the use of their armed forces under 
the direction of an administrative organ, such as 
the Council of the League of Nation- The Cove- 
nant of the League mav determine the size and the 
organization of the armed force which each mem- 
ber state has to keep in readiness to execute the 
collective sanction according to the orders of the 
Council The Council may be authorized by the 
Covenant to appoint an organ whose function 
should be to control the military obligations of 
the member states and, if a military sanction is 


to be executed, to appoint a commander-in-chief of 
the League But the Council of the new League 
should be an auxiliary organ of the Court The 
fact that its task will chiefly be to execute the 
decisions of a court, will facilitate considerably the 
composition and particularly the procedure of this 
administrative organ, especially as its decisions 
must be adopted according to the majority-vote 
principle 

A new League of Nations whose central organ 
was to be an international court with compulsory 
jurisdiction would constitute an extraordinary prog- 
ress in the field of international organization It 
would be the technical realization of an idea which 
the Kellogg Pact first tried to put into operation 
the elimination ot war as an instrument of self- 
help The Kellogg Pact could not succeed because 
it pursued its end with technically insufficient 
means The League here proposed would be an 
intermediate stage between the old League of 
Nations and a future .World Federal State with 
a world government, an intermediate stage which 
is inevitable in the natural evolution of interna- 
tional law The next step, not the last one After 
we have succeeded m establishing an international 
community uniting the most important states of 
the world under a covenant instituting compulsory 
jurisdiction, and after this political system has 
worked successfully for some time, we can try to 
make a further step, we can hope to succeed in 
organizing a centralized executive power, a world 
police, and later jierhaps a world administration 
under a world parliament 

As far as the economic purposes of the new 
League are concerned, its constitution must contain 
certain provisions which guarantee to the members 
of the League the right “of access, on equal terms, 
to the trade and to the raw materials of the world 
which are needed tor their economic prosperity” 
(Point 4 of the Atlantic Charter), and secure for 
all members “improved labor standards, economic 
adjustments and social security" (Point 5 of the 
Atlantic Charter) 

But I would like to lav stress upon the fact 
that, contrary to a wide-spread opinion, it is not 
the economic element which determines the politi- 
cal one, it. is the political element which determines 
the economic one If the history of the last decades 
has taught us anything, it is the primacy of politics 
over economics 

It is a political task to win the war, it is a 
very difficult task, but even more difficult will it 
be to organize the peace 
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South of the Rio Grande, there are twenty Latin 
American republics They contain an area larger 
than that of Canada and the United States They 
have one hundred and twenty-seven million people, 
only a few million less than the United States. 
However, the productive capacity of the people of 
Latin America is not as high as that of the people 
of the United States and Canada, chiefly because 
of the greater mechanization of the latter two 
countries Nevertheless, the people of Latin Amer- 
ica can play and are playing a very significant 
part in the war efforts of the United Nations 
Though these countries have many manufacturing 
regions and industries, they are primarily pro- 
ducers of raw industrial materials and foodstuffs 
which are m great demand principally since the 
loss of areas in southeastern Asia 
The impact of the present war on Latin America 
has been terrific, to say the least Of course, you 
all realize that the influence of the war on Latin 
American nations has not been as great ns it is 
on the occupied countries of Europe and Asia — 
countries that have completely lost their economic 
status and their political and personal freedoms as 
wx'll All the people of Latin America feel the im- 
pact of the war These countries have lost a 
considerable share of former markets for their 
products The people realize as the war progresses 
that victory for the Axis would also mean for them 
the loss of political and personal freedoms 
In nearly every aspect the influence of the pres- 
ent war on Latin America has been different from 
that of the first World War During the firs! 
World War the shipping situation did not become 
as critical .in it is at the present, time There was 
little German organized activity in Latin America, 
whereas today Axis propaganda activities have been 
well organized and have penetrated most sections 
of Latin America In the last war Latin Ameri- 
can countries lost a relatively small proportion of 
their European and Asiatic markets for industrial 
raw materials and foodstuffs Today these mar- 
kets are completely lost to those countries, because 
of the effectiveness of the British and American 
blockades Despite the effectiveness of the Axis 
submarine campaign, the United Nations still con- 
trol all the shipping lanes to Latin America 


The Shipping Situation : — For cooperation in the 
war effort Latin American nations need shipping 
and need it badly All thp large merchant fleets 
of France, Italy, Norway, The Netherlands, and 
the small merchant fleets of several other conti- 
nental European countries no longer serve Latin 
America Neither does the large Japanese mer- 
chant fleet Much of the British merchant fleet 
has been withdrawn. Before and after the attack 
on Pearl Harbor, most of the United States and 
Canadian passenger vessels, serving Latin Ameri- 
can countries, were taken over by the Navy and 
Army However, there is still a large freight ton- 
nage serving this area Latin America has suffi- 
cient tonnage to carry only a small proportion of 
the commodities it can supply However, authori- 
ties state, that despite the submarine campaign, 
the shipping situation will improve Now that the 
people of Latin America realize that civilians in the 
United States must get along without many com- 
modities, they do not feci so badly about their in- 
ability to secure consumer goods formerly obtained 
by means of foreign shipping 
Axis Activities —Less than a year ago a rather 
important government official in Washington stated 
that Axis activities in South America were not well 
organized and would not amount to anything 
Recent events have proved that this official was 
uninformed of the situation and that he was en- 
tirely wrong in his statement 
Conservative estimates place the number of Ger- 
mans m Latin America at 3 million, the number 
of Italians is several tunes that of the Germans 
The Japanese in Latin America total about 330,000 
Germans are concentrated chiefly m Brazil, Argen- 
tina, and Chile, the Italians chiefly m Brazil and 
Argentina, and the Japanese chiefly m Brazil and 
Peru However, Axis officials and propaganda 
agents are present in small numbers in all areas 
Far more than the German and the Japanese, 
the Italian colonist has been assimilated in the 
countries where they have settled Most of these 
Italians do not want to have anything to do with 
the Fascist program m Italy and the greater pro- 
gram of the Axis powers Italian propaganda 
agents and officials have not been able to or- 
ganize the Italian population. This situation, 
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however, is not true with the Germans and the British in Argentina are more than 100 times those 


Japanese 

During the first World War the large numbers 
of Germans in Brazil, Argentina and Chile did 
not become disturbing elements for the govern- 
ments of those countries Though some of these 
countries took up arms against Germany, the 
settlers gave no serious trouble. However, the 
situation of these Germans today i« not compar- 
able to that in the last war The Nazi officials 
and agents have organized all Germans Accord- 
ing to the theory of the Nazis, all pure Germans 
and also all Germans of mixed stock are still Ger- 
man, no matter how many years they have lived 
in Latin America and no matter what intermar- 
riages have taken place with non-Germans The 
German organization is centered in the embassies 
Without exception, German embassies have a 
larger personnel thun other embassies In some 
centers, German personnel is greater than that of 
all other embassies combined In Buenos Aires, 
the German embassy has 150 persons as against, 
30 for the British That in Santiago mimliers 40 
persons as against 17 in the American embassy 
In all Latin American countries the organized 
Nazi party has been outlawed However, often 
in the same building with the embassy, are the 
offices of German Beneficent and Cultural Societies, 
which have taken the place of the old Nazi party 
organization In addition there are many hunting 
clubs, skiing clubs, church clubs, cfc Through 
the embassies and these organizations, all Germans 
in Latin America are enlisted in Nazi propaganda 
activities In organizing the Germans, officials 
have used persuasion and force Persuasion has 
been eloquent, force has been effective All of 
these people are under the direct control of the 
German Foreign Office Their names are card 
indexed and classified in Berlin 
Funds for Nazi activities have ronie lrom several 
sources Members of societies are assessed for 10 
per cent or more of their income German firms 
and banks pay their toll Large sums of money 
have come directly from Germany Ostensibly, 
funds are collected for charitable purposes, for 
Winterhilfe and for relief of poor Germans in 
Latin America However, no accounting has been 
given Expenditures of these embassies are out 
of all proportion to German connections and busi- 
ness transacted In 1940-41 the German embassy 
m Buenos Aires spent 5,980,000 pesos, in contrast 
to 1,830,000 pesos spent by the British, during the 
same period Investments and business of the 


of the Germans 

With characteristic thoroughness, the Nazis have 
utilized all means of spreading propaganda They 
have used the postal service, press, movies, radio, 
German schools, churches, and airlines., they also 
have put pressure on national leaders and minority 
parties m order to overthrow governments not m 
favor of the Axis program Sufficient time is not 
available for a detailed analysis of the various 
propaganda campaigns 1 should like to discuss 
briefly two types of activities - 

Get man Mail Campaign — A well organized Ger- 
man mail campaign floods the various countries 
with books, pamphlets, letters, and postcards. 
Cards and pamphlets are widely distributed, not 
only to the Germans, but also to a large mailing 
list of influential sympathetic citizens This past 
summer, I saw in Lima and several other cities, 
a children’s Spanish edition of the Life of Hitler 
Early last August, I was in Buenos Aires, when the 
Argentine officials impounded the sixty-seven pieces 
of supposed personal baggage of Ambassador Von 
Thurmann, which had made its way to Argentina 
by way of Japan When searched, it was found 
that the baggage was not personal, but that it 
consisted almost entirely of propaganda literature, 
done up in small packages with detailed instruc- 
tions as to where to place the different packages, 
so as to be most effective In the same baggage, 
was found at least one high-powered radio sending 
set Obviously, Von Thurmann did not get this 
baggage The newspapers in Buenos Aires re- 
ported, that on the afternoon the police impounded 
the baggage, Von Thurmann was seen in his back- 
yard burning huge piles of waste paper Until 
recently, the special air mail edition of the Frank- 
furter Zeitung has been sent by air mail to an 
unknown number of first citizens throughout sev- 
eral South American countries In July 1940, post- 
al authorities m the Misiones territory of north- 
ern Argentina averred that 1)5 per cent, by weight, 
of all the mail handled in the territory was German 
propaganda 

German Pressure on National Leaders — The 
German industrialist, merchant, and banker, as 
well as the personnel of the embassies, associate 
with the national leaders in the different countries. 
Nazi pressure on politicians ranges all the way 
from cajdlery to bribery Decorations to army 
officers, free trips to Germany for generals and 
politicians, academic awards for scientists, scholar- 
ships to German universities, are gifts that have 
been presented with such grace that the word 
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“bribery” would appear rude. They win support 
by citing German successes, reiterating the certain 
victory of Nazi armies, and by emphasizing the 
fact, that those countries had nearly half of their 
foreign trade with continental Europe before the 
war, and will need the cooperation of German- 
dominated Europe after the war 

Nazi agents stir up trouble between various 
factions in the governments In several instances, 
Nazi activities have been significant in the at- 
tempted putschs to overthrow governments in 
order to set up new governments in complete sym- 
pathy with the aims of the Axis powers In May 
1940, investigators in Uruguay discovered a Ger- 
man document — a detailed military plan to seize 
Uruguay, to eliminate troublesome citizens, and 
to make the nation an agricultural colony of the 
Reich The congressional investigation, which fol- 
lowed, proved that the Nazi Party in Uruguay had 
branches and agents all over the country and col- 
lected toll from the members b> persuasion and 
force The Nazi organization had supplies of rifles, 
machine guns, ammunition, and a well-organized 
bicycle corps. Like an earthquake, the disclosures 
shook the Baldomire Government of Uruguay to 
its very foundation, but the government weathered 
the shock, broke up the Nazi Party and arrested, 
tried, and deported eight of the accused men 

Disturbed by rumors of German activity in the 
territory of Misiones, the Argentine Government 
in July 1940 ordered an investigation Nazi head- 
quarters were raided — 50 machine guns, 3,500 
rifles, and much ammunition were discovered and 
sent to the national arsenal in Buenos Aires These 
revelations stirred up public demand for action 
Since then, numerous government investigations 
have uncovered subversive Nazi activities in sev- 
eral other provinces of Argentina 

Plans for the putsch to overthrow the Bolivian 
Government last July failed completely, as did also 
the attempted putsch m Paraguay less than a 
couple of months ago 

Japanese in Latin America cooperated with the 
Germans in making propaganda and in prepanng 
for the attack on the United States Only re- 
cently, the Congressional Committee, investigating 
aviation conditions in South America, discovered 
that six Messerschmidt planes were recently flown 
into Colombia by Japanese pilots The planes and 
pilots later disappeared on German plantations m 
Colombia The same Committee learned that the 
Japanese had secretly stored 8,000 tons of dyna- 
mite at Medellin, Colombia, within easy flying 
distance from the Panama Canal They also dis- 


covered that Japanese and Nazi agents had estab- 
lished several secret air bases m Colombia, chiefly 
in connection with German plantations This past 
summer I saw two of these air fields in remote 
sections of southern Colombia During the past 
two weeks the Brazilian Government has uncov- 
ered a well organized plan of Japanese officials 
and Army officers to overthrow the Brazilian gov- 
ernment upon receiving orders from Tokyo This 
putsch like several of those of the Germans has 
been nipped m the bud. 

Accomplishments to Date — In the past two 
jears much has been done to accomplish hemi- 
bporc solidarity and to obtain complete coopera- 
tion by Lutin American nations m the war efforts 
of the United Nations Some of these accomplish- 
ments have been achieved so quietly that many 
people do not appreciate what has happened and 
do not see the full significance of them 

Axis Airlines in Latin America — The Germans 
were the first to introduce commercial airline serv- 
ice between parts of South America On Septem- 
ber 30, 1939 German and affiliated companies in 
South America had 25,700 miles of airlines The 
network connected all South American republics 
While many of these airlines were commercial in 
character, others were extended to remote places 
ot the continent for strategic purposes only. 
Many airports were laid out on a more generous 
scale than is required for commercial use only. 
The lines huve been operated without regard to 
profit In March 1940 the Germans secured a 
license to extend a line from eastern Brazil to the 
far northern boundary on the French Guiana 
border There are few inhabitants in that section 
and little or no trade The northern route offered 
opportunities for checking steamship movements 
in the Atlantic The Brazilian Government soon 
cancelled the charter for this line Between Sep- 
tember 30, 1939 and September 30, 1941, the 
nuleage of Axis lmcb in South America decreased 
from 25,700 to 14,480 On the other hand the 
lines owned and operated by United States inter- 
ests increased in the same period from 18,460 to 
33,520 In the autumn of 1941 not a single Axis 
line existed in Venezuela, Colombia, Ecuador, Peru, 
Bolivia and there was only one connection with 
Chile Some of the lines m Brazil had been 
taken over by the Brazilian Government Late in 
December all the German and Italian lines were 
grounded by the Brazilian Government. Services 
on these lines have been duplicated by government 
lines or subsidiaries of the Pan-American Airways. 
Even the Italian trans-oceamc operations have 
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been replaced by a new Pan-American Airways 
service across the South Atlantic to Lisbon No 
Axis plane flies within, or connects with, any por- 
tion of the Western Hemisphere 

Blacklisting of Firms — Last year the United 
States Government discovered a considerable leak 
in essential war materials to the Axis in Europe 
through firms in Latin America For example, 
Germany obtained platinum from Colombia as late 
as early 1941 Likewise, as recent as late in 1941, 
Japan obtained block mica, a very strategic ma- 
terial, from Brazil and shipped it by air to her 
Axis partners Consequently, the United States 
has placed more than 4494 Axis firms in Latin 
America on a blacklist Almost without excep- 
tion, Latin American countries have cooperated 
with the United States in enforcing the blacklist, 
despite the fact, that they are not legally required 
to recognize our regulations covering individuals 
and firms acting in the interests of Germany, Italy, 
and Japan 

Freezing of Funds — Early in the war, in order 
to curb activities of the Axis agents, United States 
began to freeze the funds of occupied countries 
Last summer the United States froze all Japanese 
funds in this country Following the lead of the 
United States, most Latin American countries have 
frozen all funds of occupied nations and Axis 
powers Taken together, the freezing of funds and 
the blacklisting of firms has put the finishing 
touches on all German, Italian, and Japanese trade 
activities in the Americas as long as the war lasts 

Trade in Raw Materials —Even more signifi- 
cant accomplishments have been achieved in the 
field of trade and sources of raw materials The 
British and American blockades have completely 
cut off markets which formerly took about half 
of the total exports of Latin America and regions 
which supplies essential manufactured goods The 
loss to Latin American nations in exports alone 
totals more than one half billion dollars Of 
course, the loss has not been equally felt through- 
out Latin America The Caribbean nations have 
suffered least because the United States has had 
a dominant position in their trade— both exports 
and imports Argentina and Uraguay have suf- 
fered most because their surplus agricultural prod- 
ucts compete with our own At no time has the 
United States accounted for more than 15 per 
cent of the total trade of these two countries 
However, increased purchases by the United States 
have reheved considerably the financial distress in 
many Sections, even to some extent m Argentina 
and tfruguay. In 1940, we purchased from Latin 


America one hundred fifty million dollars more 
than in 1938 In 1941, we purchased more than 
five hundred million dollars over the 1938 level. 
In other words, for Latin America as a whole our 
purchases have largely offset the loss of European 
and Asiatic markets. 

Our increased purchases include many critical 
and strategic commodities The Metals Reserve 
Corporation, a government organization m Wash- 
ington, has contracted to take all of the surplus 
copper, tin, vanadium, tungsten, bauxite, anti- 
mony, manganese, industrial diamonds, mica and 
other essential minerals In 1941, we purchased 
the entire wool clip and surplus accumulated stocks 
of wool in Argentina and Uruguay. The Latin 
American governments have cooperated with the 
United States by agreeing to deny all these essen- 
tial war materials to the Axis powers and by 
pledging virtually their entire output to the war 
needs of the United Nations 

The possibilities of Latin America in supplying 
essential war materials have only begun Of a 
list of about 40 materials essential to the produc- 
tion of military equipment, Latin American nations 
supply considerable quantities of 28 Among these 
are many of the critical and strategic minerals 
The output of these in Latin America can and is 
being increased rapidly. Shipping facilities will be 
made available to move these products to the fac- 
tories of the United Nations Latin America can 
also supply large quantities of certain strategic 
fibers and other materials, such as wool, tanning 
materials, coconut shell char, and hides and skins 
On the other hand, we cannot look to Latin 
America to supply us with large quantities of cer- 
tain products formerly almost entirely purchased 
in southeastern Asia Such things include jute, 
kapok, Manila hemp, quinine, silk, opium, and 
rubber Much has been written recently about 
the possibility of obtaining some of these materials 
from Latin America There is no production of 
jute, Manila hemp, silk, and opium m Latin 
America However, for some uses other fibers 
of Latin America may be substituted. Sufficient 
coconut trees are growing in Latin America to 
supply us with coconut shell char and also with 
a considerable fraction of our requirements for 
coconut oil. From the millions of wild kapok and 
cmchpna trees growing in the tropical rain forests 
of Latin America, we can by the organization of a 
gathering industry obtain kapok fiber and quinine 
in considerable quantities. Despite rather opti- 
mistic estimates by several officials, the forests and 
plantations of Latin America cannot supply us 
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with sufficient rubber to make up for the loss of 
the supplies from Malaya and the Netherlands 
East Indies There are only two rubber planta- 
tions in Latin America. They can produce onlv 
a few thousand tons of rubber With time and 
much money for the organization of a gathering 
industry from the wild trees, we probably can ob- 
tain in 1943 about 60,000 tons of rubber from the 
wild rubber trees. This would be equivalent to 
less than 10 per cent of our requirements While 
many areas are suitable for the production of rub- 
ber on plantations, it would take at least six years, 
much capital, and careful organization to bring 
new large rubber plantations into production. 

Even though we may obtain all that Latin 
America can produce of the above strategic and 
critical materials, we cannot get, from those coun- 
tries sufficient quantities for the manufacture of 
military equipment and at the same time supply 
normal civilian consumption However, by largely 
eliminating civilian consumption of many prod- 
ucts, the United Nations can go a long ways to- 
ward obtaining from Latin America sufficient ma- 
terials for the manufacture of military equipment 
Whether we like it or not civilians can and will for 
the duration get along without many commodities 
formerly consumed in large quantities This is 
true not only of the people of the United States 
but also those of the Latin American countries 
The realization by Latin Americans that the people 
of the United States will have to deny themselves 
of certain pleasures and luxuries has improved con- 
siderably inter-American relationships 

Capital • — To obtain larger quantities of the 
above matenals from Latin America will require 
much capital from the United States It is fairly 
well known that for a long time Latin American 
countries have not had the capital with which to 
develop their resources Even before the war, bil- 
lions of foreign capital had entered Latin America 
While those nations have tapped various sources of 
revenue, most of them depend upon customs re- 
ceipts for from one-third to two-thirds of their 
total government revenue Both imports and ex- 
ports are taxed With the loss of foreign markets 
and with their inability to obtain imports, these 
sources of revenue have been cut drastically Con- 
sequently, in the present crisis the need for foreign 
capital in Latin America is greater than ever. 
Since the outbreak of the war, Germany, Italy, and 
all the occupied countries of Europe have been 
completely cut off as creditor nations. In order to 
prosecute the war, the United Kingdom has had 
to call in reserves of both private and government 


capital and credits in foreign countries. Conse- 
quently, the United States is the only large source 
of capital for Latin American enterprise and loans 
In September 1940, Congress allocated one half 
bilhon dollars to the Intcr-American Bank for the 
development of Latin American resources and the 
orderly marketing of the products of those coun- 
tries. Under these regulations, sizable loans have 
been made, one hundred ten million dollars to 
Argentina, three and one half million dollars to 
Paraguay and various sums between these two ex- 
tremes to other areas Such capital is being used 
especially first, to develop facilities which will sup- 
ply increasing quantities of strategic and critical 
matenals, second, to improve transportation facili- 
ties, and third, to develop manufacturing estab- 
lishments that can produce some of the wares for- 
merly supplied by the continent of Europe 

Though the recent loans and private investments 
and those that will be made may total hundreds 
of millions of dollars, they will represent a tmy 
fraction of the total cost of our war effort For 
the material and other aids Latin America can give 
to our war effort, this capital is well placed even 
though some of the principal may never return 
to the United States. 

Military Aid — As a layman, I speak with less 
authority on questions of military matters than on 
economic Nevertheless, a layman with an eco- 
nomic and geographic training is in an excellent 
position to analyze certain phases of military de- 
fense in relation to problems of hemisphere solid- 
arity and the war effort In the present world, no 
amount of economic and political planning can 
achieve hemisphere solidarity without the material 
equipment for exerting force — without adequate 
naval, army, and air pow’er and suitable bases for 
their operations. 

Latin American countries have not, until re- 
cently, seriously considered the possibility of mili- 
tary attack from Europe The Monroe Doctrine 
and the existence of the British and United States 
fleets have seemed to them adequate guarantee 
against that possibility The German conquest of 
most of Europe, however, with the resulting threat 
to the British fleet, the fact that the bulk of our 
fleet has been stationed in the Pacific, and the 
activities of German agents m certain South Amer- 
ican countries have changed the picture, partic- 
ularly for Brazil, Argentina, aftd Uruguay. These 
east coast countries face Africa, and could be 
threatened from there, should western Africa fall 
into the hands of the Axis partners. Northeastern 
Brazil, is only 1600 miles from western Africa. 



This is only two-thirds of the distance from north- 
eastern Brazil to Puerto Rico, formerly our near- 
est naval base 

It is fairly well known that Latin American 
army and naval facilities are very limited Al- 
together Latin American nations have only 111 
fighting ships, mostly average, with a total ton- 
nage of approximately 263,000 There is no com- 
parison between the size and equipment of their 
naval ships and ours The twelve Caribbean re- 
publics together have a naval tonnage of less than 
19,000, less than that of one modem cruiser Yet 
the Caribbean area with the Panama Canal and 
Caribbean shipping lanes is a most strategic area 
Eighty-seven per cent of Latin America’s naval 
tonnage is in Argentina, Chile, and Brazil — forty- 
two per cent in Argentina alone These southern 
republics have 5 battleships, 7 cruisers, 25 destroy- 
ers — with 9 more being built in Brazil — 16 sub- 
marines, and many smaller vessels Furthermore, 
the armies of Latin America are small and poorly 
equipped 

With these facts as a basis one might assume 
that Latin American nations could from a military 
point of vipw do little, if anything, to assist the 
United Nations As a matter of fact this assump- 
tion is far from correct After the attack on Pearl 
Harbor and the conference of ministers at Rio in 
January, nearly half of the Latin American coun- 
tries declared war on the Axis powers, all except 
Argentina and Chile broke off diplomatic relations 
Breaking off diplomatic relations and a declaration 
of war means putting an end to all Axis propa- 
ganda and the arrest and internment of all Axis 
agents Most Latin American governments are 
doing a rather thorough job in this respect It 
means that the ports and navul bases of those 
countries are open to our merchant and naval 
vessels and closed to those of the Axis powers It 


makes available the small naval fleets for policing 
their own coastal waters. The Caribbean nations 
have gone one step farther They have permitted 
the United States to establish many airplane and 
other bases within their borders for patrol pur- 
poses for the protection of the Panama Canal and 
the Caribbean shipping lanes from marauding sub- 
marines Though the Latin American nations may 
not be able to give us great aid directly with their 
armies and navies, by an open break with the 
Axis, thus cutting off all intercourse with them, 
they may contribute greatly to the actual conduct 
of the war With the present position of Argen- 
tina and Chile, the American nations have not 
achieved complete hemisphere solidarity and com- 
plete cooperation in the war effort However, 
pressure is being and will be applied to those two 
countries until they fall in line with the other na- 
tions, thus presenting a solid front against the Axis 
Conclusion — Most of the Latin American na- 
tions realize that economic and political security 
for them depends upon victory for the United 
Nations Because of the success of the Axis powers 
and the full realization of what the Axis program 
and Japanese Greater East Asia mean for con- 
quered peoples, the Latin Americans are willingly 
working to aid the United Nations They realize 
fully that the job of supplying military equipment 
and fighting battles on many fronts falls heavily 
upon a few of the United Nations, especially the 
United States, the British Commonwealth of Na- 
tions, and the USSR By supplying critical 
raw materials and by eliminating Axis contacts in 
those countries, the Latin Americans are giving 
valuable aid for the cause of democracy Despite 
minor differences of opinion, the people of the 
United States should give Latin Americans full 
credit for what they can and are doing m the war 
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Many of us still remember the first decade of 
flying when planes were frequently operated from 
small fields, or even race tracks It was then ex- 
pected that progress in the art would permit tak- 
ing off and landing from still much smaller places 
Actually, the development went in the opposite 
direction and further progress made it necessary 
to use much larger and better airjiorts than those 
which were adequate for the early airplanes This 
being the case, flying proved to be dnfting away 
from homes, residences and places of occupation 
rather than moving towards them The possibility 
of an aircraft capable of duplicating the perform- 
ance of a hummingbird that could land in any 
spot on the earth where it could spread its wings, 
appeared more difficult than was thought in the 
early years, even, perhaps, impossible It became 
evident, however, that while the fixed-wing air- 
plane would never permit obtaining such perform- 
ance, yet a good solution of the problem was en- 
tirely possible on the basis of a different princi- 
ple of flying 

The object of this article is to give a brief de- 
scription of such a mechanical hummingbird, the 
United Aircraft VS-300 Helicopter, which is the 
result of a work that was started in 1909, was 
at times discontinued, then was resumed and 
finally resulted in the creation of the present air- 
craft This helicopter was completed in the Fall 
of 1939, it made many hundreds of small hops, 
underwent a large number of developmental 
changes and improvements, it demonstrated its 
capability for direct take-off and landing with no 
forward speed, as well as excellent flight and con- 
trol characteristics Finally, on May 6th, 1941, 
the VS-300 established the world record for en- 
durance for helicopters be remaining in the air 
for 1 hour, 32 minutes, 26 1 seconds exceeding 
thereby the previous world record held by Ger- 
many During this entire flight, it hovered above 
an area less than half an acre. 

The success of the VS-300 leaves no doubt that 
the direct lift machine is here It might be inter- 
esting, therefore, to review briefly the type of 
service it can render 

The helicopter in general must not be expected 
to replace or duplicate the service of the vast 


Received Mny IS, 1S42 

majority of military or commercial airplanes The 
helicopter’s place in air travel is to solve a trans- 
portation problem that is not yet met by any other 
means While it will probably have a limited 
operating speed of between 100 and 150 mdes per 
hour, yet due to its complete independence from 
airports, it will prove to be by far thp fastest and 
often the best method of travel for the compara- 
tively short distances that the average individual 
is usually called upon to go 

For instance, it will cover the average 100-mile 
journey much more rapidly and more convenientlv 
than any other vehicle of transportation, including 
its fixed-wing brothers It will do it more rapidly 
liecause the average journey is not from airport to 
airport, but from home or office to some practical 
destination In other words, a 100-mile trip in a 
200-mile airplane would require, besides the 30 
minutes of flying time, an average of from 30 
to 40 minutes of ground transportation at either 
end, plus the often unexpected delays of making 
automobile connections, getting under way, facing 
traffic congestions, etc This being the case, the 
200-mile-an-hour airplane becomes really valuable 
only for much longer distances, while for trips of 
100 miles or less, the helicopter will prove to be 
much faster, as well as much more reliable and 
convenient 

Darkness or poor visibility are an incomparably 
leaser danger or inconvenience to the helicopter 
than they arc to the privately owned airplane. If 
the driver of a helicopter finds himself in a ques- 
tionable predicament, he may slow down safely 
to 30, 15 or 5 miles per hour, just as he would m 
his ear He may then proceed close to the ground, 
flying around obstructions or trees and, if neces- 
sary, he mav land in any place the size of a 50- 
foot clearing The spot may be a vegetable gar- 
den, a ploughed or muddy field, or a rocky knoll, 
etc , and in all such places the helicopter would 
land safely and comfortably 

The number of services that an aircraft with 
such characteristics could render can hardly be 
over-estimated In this tumultuous world, we 
must unhappily give thought to certain gnm as- 
pects In war, the helicopter will be excellent for 
communication, for sudden short range bombing 
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attacks, for convoy purposes both on land and on 
water, for observation, reconnaissance and scout- 
ing, for gun-fire control, for liaison behind the 
lines, for removing trapped or wounded troops, or 
for depositing troops behind the enemy lines, etc 
In government services it would be excellent for 
airmail over short distances, for carrying pas- 
sengers and airmail between airports and the post- 
office or the heart of the city, for crop-dusting, for 
rescuing persons marooned by storm or flood, or 
delivering food and medical supplies to them, for 
coastal patrol and for life-saving under greatest 
possible variety of conditions 
The facility with which the helicopter may 
render service under the most difficult circum- 
stances is augmented by its ability to hover di- 
rectly over one spot for indefinite periods of time 
Thus, even if a landing is prevented by heavy 
woods, surf or other conditions, a rope ladder or 
basket can easily be lowered to deliver or raise 
materials, as well as men 
The above-mentioned performances are no longer 
a question of theoretical speculation because the 
possibilities of most of them have already been 


demonstrated with the present light, low-powered, 
purely experimental VS-300 helicopter. This air- 
craft has many times been taken off and landed 
on very small spaces, in backyards, often with 
some obstruction such as a big tree some 10 feet 
directly in front of the machine. Repeatedly a 
man standing on the ground has fastened a load 
to the end of a rope dangling from the helicopter 
while the ship hovered motionless above him It 
was then lifted into the air and unerringly de- 
posited on a given spot or lowered into the arms 
of a waiting man Another demonstration of its 
ability is that it has often been flown up to a 
standing man while a suitcase has been placed on 
board, without the man taking so much as one 
step, and without the aircraft ever touching the 
ground. 

From these facts, it may bo concluded that a 
successful hpheopter is now in existence and that 
it opens a vast and untouched field in flying It 
is now possible to look forward, earnestly and 
hopefully, to the rapid and final improvements 
that will bring this type of transportation to the 
world 
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Introduction : 

Never before, in human history, has a disturb- 
ance arisen as great as that of the present war — 
a disturbance affecting, directly or indirectly, al- 
most every single human being on the face of the 
planet One of the automatic reactions to this dis- 
turbance has been the effort of political leaders, 
popular writers, and scientists to determine what 
is wrong with our system of world relations, that 
could permit such a disturbance to arise, and what 
can be done to make sure that it will not rise 
again, once the battle is won I assume that we 
shall, as we must, win it That is the premise 
upon which this discussion is based Some of the 
most far-seeing men of our time realize that we 
must solve this problem now, and not wait until 
the war is over, since its solution is as necessary 
for the shape of the war as it is for the shape of 
the peace to come 

The principal difficulty, which has brought this 
state of affairs to pass, seems to be a lack of 
planning m human relations during the fabulous 
twenties and the twilight of the thirties Planning 
of this kind was more necessary then than it had 
been before, because, although few of us may have 
realized it, one era of history had ended, and 
another had begun People failed to realize how 
necessary it was to provide a basis for equilibrium 
for the lives of the different peoples of the earth, 
one which would permit an integration of the 
mutual relations of mankind as a whole 

Before this time, technological advances could 
be made without upsetting the balance of the 
world, because the presence of empty land, or the 
conquest of technologically inferior peoples, al- 
lowed expansion without planning Once the 
empty lands had been filled, once the last of the 
pnmitives had been killed or packed off on reserva- 
tions, the pioneering period was at an end, and it 
was necessary for us to make our adjustments 
within a contracting, rather than an expanding, 
universe. In the past we always made our expan- 
sions at the expense of simpler peoples, but we 
can do this no longer since there are no more such 
peoples to conquer or empty spaces to fill. Any 
expansion now is a case of dog eat dog 
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The only way in which adjustments can now be 
made is to abandon the age-old, automatic process 
of trial and error, and to plan them on the basis 
of the physiological needs of the individual human 
animal, and a recognition that these needs are the 
same, whether the animal in question is a modern 
American, an African Negro, or an Asiatic. 

The equilibrium which we must attain is not to 
be defined in terms of economics alone, but rather 
in terms of the wav in which people get along with 
one another One of our greatest mistakes has 
been to leave the process of adjustment in the 
hands of the economists and engineers, who, how- 
ever expert they may he in their own fields, have 
only a lay knowledge of human relations. They 
are therefore unable to see the human consequences 
ot the changes that they have themselves insti- 
tuted. They should not, however, be blamed for 
this, since they have done their own job remark- 
ably well, the error lies in their belief that be- 
cause they could build automobiles or float inter- 
national loans, they were experts m human rela- 
tions as well. 

The results of this fallacy speak for themsehes 
Every plan, whether for a new world order or for 
a Treaty of Versailles or for a League of Nations, 
has to be run by human beings Its operation in- 
volves the emotions of human beings, and their 
peculiar ways of behaving No plan works auto- 
matically The usual excuse of the people who 
tackle these problems in terms of economic or 
political logic is that they regard human nature, 
as it manifests itself in human relations, as an 
extraneous factor over which there is no control, 
and which spoils the beautiful symmetries of their 
cloud castles They say “It was all politics,” or 
“it was ruined by graft,” not realizing that politics 
and graft are predictable phenomena of human 
relations. 

The only test of a plan is to see whether or not 
it works The excuses made by planners of world 
orders that did not work, and by unsuccessful in- 
ternational politicians, are as fallacious and self- 
mcnminating as it would be if an engineer, when 
his bridge collapsed, were to say. “It was a beauti- 
fully designed structure, but one can never toll 



24 


COON 


about the strength of metals ” Builders of world 
orders must find out about the properties of human 
beings in their relations to one another, and this 
can only be done if we start at the beginning and 
study the physiological basis of human behavior 

The Physiology of Human Relations. 

Human relations, as students are beginning to 
realize, form an essential part of the activity of 
the human organism, and cannot be separated from 
this activity any more than the “mind” can be 
separated from the body Each human organism, 
like other animals, maintains what is called an 
internal equilibrium, essentially similar to the 
equilibrium of inorganic substances long recognized 
by the physicists and chemists This equilibrium 
is maintained, as long as the organism is alive, 
through a series of bodily processes, changes in 
the rates of which we call emotions Emotions 
may be defined as disturbances m the equilibrium 
of the bodily processes which are produced by 
changes in the external environment They are, in 
other words, the reactions which occur when these 
bodily processes try to adjust to new conditions 

Cannon, Bard and others have shown how what 
is called emotion is made up of the combined effect 
ot changes in heart activity and respirution rates, 
and in the velocity of the chemical secretion of 
blood sugar, adrenalin, mecholvl, and other sub- 
stances These adjustments arc regulated by the 
autonomic nervous s\stem, which is consequently 
responsible for maintaining equilibrium when sud- 
den changes take place in the environment, which 
disturbs the equilibrium, rage and fear responses 
are set in operation 

These emotional patterns are basically reflex in 
character Though we learn to discriminate be- 
tween stimuli, that is, though we become condi- 
tioned by experience, some reaction always occurs 
in response to changes in stimuli If these changes 
arc sudden, that is, if we become afraid or angry, 
cortical control is decreased, and our capacity for 
adjustment, for fine discrimination, and for carry- 
ing out our regular routines, is lost 

In any institution, that is, a family, political 
group, industrial organization, etc , changes in 
stimuli are constantly activating the autonomic 
nervous system and its associated organs of the 
individuals concerned These stimuli, affecting 
each individual, come primarily from other people, 
and our relationships with people are consequently 
the principal source of our emotional experiences 
These relationships take for the most part the 
form of routines, to which we become conditioned, 


and when these routines are interrupted we suffer 
emotional disturbances That is why it is so diffi- 
cult to get people to change their habits m an 
emergency which has not already affected them 
personally 

If the contacts which we have with other people 
and to which we are conditioned occur with a 
regular frequency, or if the changes which take 
place m them are quantitatively small enough so 
that rapid adjustments can be made, the autonomic 
nervous system maintains the organism in a state 
of equilibrium If sudden changes, to which we 
cannot readily adjust, occur constantly, if equilibri- 
um is not rapidly restored, then the autonomic 
balance is upset and marked compensatory changes 
in activity take place Then the system of rela- 
tions is upset, people are frightened and angry, 
they are unable to adjust to others and to accom- 
plish tasks which require cortical control. In other 
words, they lose their heads And when they lose 
their heads they do things that will serve to upset 
the equilibrium of the people with whom they are 
in contact, and these people may in turn disturb 
others, until the equilibrium of large institutions 
may be disturbed 

The problem of equilibrium m a state is essen- 
tially the same as that of peace in the family or 
morale in an industry In each case the problem 
is to organize the technical routines of operation, 
be they family routines, or political, or techno- 
logical, in such a way that the equilibrium of indi- 
viduals is maintained, or, if once disturbed, is rap- 
idly restored before the violent compensatory reac- 
tion of fear and rage take place in simpler words, 
a state of peace, equilibrium, morale, or whatever 
you wish to call it is obtained when the individuals 
within groups can adjust rapidly to changes with- 
out becoming afraid or angry or both 

Since the technical requirements of the work or 
duties of any institution, be it, a family, a state, an 
industrial plant, or whatever, require certain daily, 
weekly, and other routines, and since the individ- 
uals who perform these routines have to learn 
complex motor habits, the aim of any planning 
board, or management, whether it be for a button 
factory or a new world order, which wants to suc- 
ceed, must be to see that these routine habits can 
be earned out in times of crisis as well as under 
normal conditions This can be done, but only if 
the individuals of whom the family, the factory, or 
the world order is composed are not constantly dis- 
turbed and emotionally upset That is why free 
men work better than slaves, and why a state 
founded upon justice, equality, and a voice for all 
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is, in the long run, a more lasting and progressive 
state than one founded on tyranny 

Technology and Human Relations 

It is readily apparent, therefore, that the require- 
ments of the human organism for equilibrium m 
interaction, which may be called “human nature,” 
are more or less constant, and that m all popula- 
tions they will vary individually within more or 
less the same limits In every population there 
will be some who are energetic and others who are 
not; some with the capacity of leadership and 
others who lack it Furthermore, ah far as we can 
tell at present, the inherent capacity of the indi- 
vidual for making cortical linkages, which seems to 
be the basic variable in what we refer to as intelli- 
gence, also varies in each population within given 
limits, and differences in so-called intellectual per- 
formance between groups of people may be attrib- 
uted not to genetic differences but to differences 
of conditioning 

In view, therefore, of the essential equality of 
mankind, one is led to ask what is the reason for 
differences in the complexity of human relations in 
different societies, why are some people “primitive” 
and others “civilized,” and what bearing has this 
problem on our problem of establishing a world 
equilibrium’ The answers to these questions are 
that variations m the complexity of human rela- 
tions depend on differences m the technological 
processes by which people exploit tlieir several 
environments, since the bulk of human interac- 
tion, 1 e human relations, is carried out on a tech- 
nological framework For that reason the under- 
standing of technology is essential to the problem 
of planning a world equilibrium 

A few examples should suffice to show how tech- 
nology, in combination with environment, controls 
human relations Let us first consider the tech- 
nique of water transport Two French Canadian 
trappers are paddling downstream in the early 
summer, from their trapping grounds to the trad- 
ing post, with a heavy load of furs One man 
paddles bow, the other stern, their actions must 
be synchronized if they are to reach their destina- 
tion. Thus the technique of canoe paddling deter- 
mines their mutual relations during the working 
day in summer, but it determines a number of other 
things as well. It limits the number of men who 
can work together at this enterprise, it limits the 
amount of fur which they can bring down, and the 
amount of food and other supplies which they can 
take back in the fall In combination with their 
other techniques it limits their relationships with 


other people, making it impossible for them to 
take their wives and children along, enforcing isola- 
tion oil the two of them during the long winter, 
limiting their interaction with the trading company 
to a brief period, and their participation in state 
and church to the same time Men who live by 
this and the accompanying techniques cannot build 
up complex sets of human relations 

Another example may be drawn from the field 
of manufacturing In the mountains of Morocco, 
m the tribe of Taghzuth, the land is too poor to 
support a large population Nevertheless there 
is a large supply of tan bark in the forests The 
men of this tribe are mostly craftsmen, and many 
of them are engaged in tanning hides and manu- 
facturing leather bags to be bold outside In some 
instances a man and his sons run a leather-working 
establishment, and the pursuit of this technique 
enforces the frequency of events within this seg- 
ment of a family The need of buying hides and 
selling the finished product establishes other rela- 
tionships with specific individuals In times when 
the demand for leather bags is great, the mastc’ 
craftsman will hire apprentices from outside the 
family, which will mean new relationships, and he 
may delegate to one of his sons or apprentices 
the task of selling the bags to jobbers, so that 
his commercial relationships are thus extended and 
canalized 

If the average American will consider the tech- 
niques which he himself practices, be they metal- 
lurgy, medicine, pedagogy, or whatever, he can 
readily see how his own human relations are de- 
termined by them, and how this extends to his 
relations outside his immediate technical pursuit, 
as for example to his family He gets up in the 
morning, and after interacting briefly over the 
breakfast table with his wife and children, runs 
for the train During the day his time is taken 
up with relations in other institutions, in which he 
has been conditioned to a daily routine, if that 
routine i& senouely disturbed he will have had a 
“bad” day He meets and must adjust to dozens 
of persons in different institutions during the day. 
This wide range is facilitated by his use of the 
telephone, the automobile, the subway, etc. The 
more complex technology of his civilization renders 
his daily routine of interaction correspondingly 
more complex than that of the fur trapper or of 
the Taghzuthi leather worker. 

Equilibrium m Technological Processes- 

In any technical process in which a number of 
people work together, be it in government, the 
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church, industry, or the family, there are three 
potential sources of disturbance, as follows The 
first is the inefficient definition and allocation of 
work, in which people do not know exactly .what 
they are supposed to do, or what is the most 
efficient way of doing it Such technical ineffi- 
ciencies prevent individuals from making satisfac- 
tory relations to one another in terms of the work 
process They are unable to develop regular work 
routines and are constantly upset 

The second is the maladjustment of personalities 
in terms of the work process, where individuals 
with personalities which they cannot adjust to one 
another are forced to work together by the re- 
quirements of the job For example, the two fur- 
trappers who are paddling their canoe must be 
similar m activity rates, so that they can paddle 
together synchronously Otherwise they would be- 
come upset, and angry at each other, and their 
partnership would dissolve The only way to 
avoid difficulties of this kind is to get the right 
man for each job, and this can best be done by an 
objective study of the physiological properties of 
the individuals concerned, in terms of the specific 
job A military leader, excellent at organization 
in peace time, might be useless on the field of 
battle A McClellan will not make a MacArthur. 

The third is faulty relations between members 
of different organizations, as when the heads of the 
Army and Navy will not speak to each other and 
thus permit a military disaster, when the mem- 
bers of neighboring countries cannot understand 
each other and hence develop friction whenever 
they meet, when the superintendents of factories 
leave everything to their overseers and have no 
contact whatever with their men, and many other 
Mich examples 

Disturbances of all three kinds can lie avoided 
or eliminated if we understand not only the tech- 
nological processes concerned, but also the biolog- 
ical properties of the people who practice the 
techniques. A technique exists only as some human 
being or group of human beings practice it You 
cannot talk of a technique as apart from human 
relations, as some archaeologists discuss potsherds 
and bronze axes as if they were living organisms 
that procreated and evolved without the aid of 
man, the archaeologist who works in these terms 
will never make a true reconstruction of history, 
and the planner, political, industrial, or otherwise, 
who plans in terms of treaties, bank-notes, or ma- 
chines without thinking of the men whose relations 
are determmed by these devices will never plan a 
working society. 


Modem Technological Systems: 

As we have already stated in the introduction 
to this symjiosiuin, the technological systems of 
what we may call the colonial or pioneering period 
in our world history are in the process of replace- 
ment These technological systems were charac- 
terized bv methods of communication vastly in- 
ferior to our own, so that no world equilibrium 
had yet developed. The world of mankind was 
broken up into a series of isolated or nearly isolated 
systems For example, the United States obtained 
rubber and rattan from the Malay Peninsula, but 
the natives of these two countries seldom saw each 
other and knew little about each other The same 
was true of the relations between Argentine beef- 
growers and the Englishmen who ate the beef, etc 

Within the major systems, by which term wc 
categorize the great, imperialistic powers, the ad- 
justment of individuals was unstable, and equilib- 
rium was attained only through external aggres- 
sion The mill-workers of Lancashire could be 
kept at their looms only as long as British soldiers 
and merchants carved out new markets for their 
cotton fabrics in Africa and Asia, und later on 
Japanese industry was dependent upon Japanese 
shipping and trade 

Sooner or later, as the frontiers disappeared, 
these major systems were bound to come into con- 
flict with one another, and since each of them 
could continue to maintain its former type of 
equilibrium only by further expansion, the expan- 
sion of one would necessitate destruction of others 
This process of expansion and conflict has been 
accelerated by the rapid improvement, during the 
last two decades, of our techniques of travel and 
communication, in combination with an increasing 
efficiency m manufacturing processes, particularly 
in the field of mass production We are no longer 
concerned with partly isolated systems whose rela- 
tions are carried on at a low frequency m a 
few channels only After the last war England, 
France, Germany, Japan, Russia, and the United 
States had the choice between a mutual adjust- 
ment or an explosion Attempts at adjustment 
failed because of their unwillingness to consider 
the human requirements of everyone concerned 

Inequality in material possessions is character- 
istic of intermediate stages of technological devel- 
opment. The simplest food gatherers, like the 
Australian aborigines, are all equal — each man has 
his flint knife and his handful of spears, each 
woman her digging stick and her stone for grind- 
ing seeds; they could not own more things than 
these because they could not carry them about 
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with them m their search for food With seden- 
tary life and improved techniques, the relatively 
complex relationships which arise between indi- 
viduals in societies produce the basis for inequality 
We are still in an intermediate stage in this re- 
spect, but we have made the technological ad- 
vances which will inevitably bring us out of it, 
to a third stage in which the distribution of goods 
can once more be approximately equal In other 
words, we have now attained the position in which 
we can calculate the requirements of our popula- 
tions and we can look forward to their fulfillment 
These requirements are not concerned with 
bodily comfort alone, but also with the techniques 
by which people can adjust to one another most 
successfully The widespread use of the automo- 
bile in the United States will serve as an illustra- 
tion. Efficient transportation enables us to avoid 
a rigid system of routines, conditioned by life in 
a small circle of relationships, it enables us to 
interact in a wider and more varied circle We 
can choose the friends of our liking from many 
communities, instead of having to get along with 
our immediate neighbors, whether they are com- 
patible with us or not We can move out of the 
cities and adopt routines more satisfactory to 
those who cannot adjust easily to crowded urban 
life The possibility of cheap airplanes or heli- 
copters in the near future means that this process 
may be extended even further It may not be too 
rash a generalization to make that nations whose 
peoples are relatively mobile, from the Arabs and 
Mongols to the modern Americans, have a greater 


flexibility of adjustment and hence a greater 
stability, than purely sedentary peasant and urban 
communities 

It is not only m the field of transportation that 
modern technological science has provided us with 
new developments, even since our entry into the 
war Great advances have also been made in 
mineral extraction, metallurgy, and other basic 
techniques, so that the technological basis for 
human relations has been potentially extended to 
an enormous degree, this means that it is now 
possible, or that it will be when the war is won, to 
maintain constant relations between people in all 
parts of the earth, that our problem of timing in 
world events can be solved, because the technical 
means are at hand Once people can be made to 
realize the significance of these changes and re- 
conditioned from their habitual patterns of be- 
havior, technology has provided and will increas- 
ingly provide for that ultimate stage in human 
democracy, when the peoples of the earth will 
share alike in its products, and hence differences 
in their relations to each other will depend upon 
differences not in race or place of birth or wealth, 
but m individual personality and attainment 

If, therefore, we plan wisely, and if we strike in 
time, our conquest of technology should, even m 
our own lifetimes, bring to the w’oild what we now 
fight for — universal freedom — that equality of op- 
portunity for all the peoples of the world which 
wc m this country have been promised and have 
of all peoples most nearly attained 
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THE NATURE OF WORLD EQUILIBRIUM 


By Conrad M 

Introduction 

Now that we have seen how technology, acting 
upon the human organism, conditions the form and 
extent of human relations, our next task is to de- 
termine what structural form these relations take, 
m other words, how individuals adjust their per- 
sonalities to each other m institutions 
The importance of technical activities, is not 
confined to the direct conditioning of the rela- 
tions of specific individuals Technology has even 
broader implications, it controls the ways m which 
groups of individuals live and work together The 
requirements for interaction which it imposes 
necessitate the mutual adjustment of groups of 
individuals in such a way that they attain a state 
of equilibrium 

We have already seen how the physiological 
properties of the individual himself bring about 
such a state, but in order for any kind of stability 
to be maintained, all the individuals with whom 
he interacts must also achieve a similar state and 
this can only occur if the relations of all individ- 
uals together torm a system m equilibrium 

In the performance of any technical activity, 
where more than a single individual is involved, 
an adjustment must be developed between the 
individuals concerned In the case of the French- 
Canadian trappers mentioned in the last paper, 
an adjustment between the two individuals con- 
cerned had to occur or else the pair would have 
been unable to work together and would have had 
to split up In more complex technical activities, 
however, where a number of people have to inter- 
act m order to accomplish successfully their tech- 
nical end, one of the individuals must act so as to 
secure some degree of coordination between the 
several persons and the tasks to be performed, if 
the activity is not to fail completely 

For example, in a Paiute antelope hunt observed 
in Nevada almost a hundred years ago, the Indians 
had built a corral of logs at the end of a valley, 
and had placed clumps of sagebrush in two diverg- 
ing lines from the mouth of the corral for several 
miles up the valley At the appointed time sev- 
eral hundred Indians were stationed at fixed 
points, some between the clumps and others up 
on the hills When the signal was given the men 
on the hills started beating and yelling and driving 
all the a nimals m their neighborhood down the 
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slope, as the animals tried to dart between the 
clumps of sage-brush, other Indians would jump 
up and frighten them back, until finally all or al- 
most all of the antelopes, jackrabbits, and other 
animals had reached the gate of the corral, where 
the men converged and drove them in 
This antelope hunt required the cooperation of 
many people, under the direction of a leader, who 
organized the hunt in the first place, bringing 
people together from their distant camps, telling 
each of them where his station was to be and what 
he should do, and giving the signal to begin 
In our own society we can take almost any ex- 
ample to illustrate this One of the easiest to illus- 
trate is that of a ship, even on the smallest tramp 
the technical requirements of operation make it 
necessary for many men to perform different skilled 
tasks at the same time, or in ordered sequence 
When the ship is about to leave the dock many 
things happen at once The donkey men draw in 
the loading booms, the stevedores march ashore 
over the gang plank, and members of the deck 
crew batten the hatches Down below the chief 
engineer is watching his dials while the black gang 
is feeding the furnace, and the oilers are at their 
stations along the mam shaft Up in the chart 
room the mate is plotting a course, while the cap- 
tain talks to the pilot, who has just come aboard 
The time has come to shove off The captain 
pulls the lanyard for the ship’s whistle, and the 
men below take their positions on the deck The 
captain signals to the bos’un, who blows his whistle 
Members of the crew draw m the gangplank, and 
the men standing on the pier cast off the bow 
lines Then the donkeymen reel these lines in 
quickly A bell rings, the captain has signalled 
to the engineer — the propellor turns and the ship 
moves forward and outward Now the stern lines 
are taut, and the propellor churns the water; the 
ship is thus turned so that its axis lies at an angle 
to the dock Another signal, and the ship moves 
astern, the stern lines slacken and are cast off. 
Now the ship moves forward and steams away 
from the dock and out of the harbor 
In this familiar scene of a ship leaving port we 
have an example of a sequence of events involving 
a number of men who perform separate, specialized 
tasks in such a way and with such accurate tim- 
ing that a complex maneuver is executed In this 
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instance and in that of the antelope hunt, the 
successful accomplishment of these separate duties 
in unison can only occur if some one individual’s 
actions serve as the signal for others to perform 
their parts of the operation Events such as these 
occur continually in daily life, and their repeti- 
tion conditions individuals to the performance of 
sjiocific technical activities under the direction of 
specific leaders These recurrent patterns of or- 
dered action make up the structure of society 
These routines are physiological m nature and pro- 
vide the individual with the basis for his equi- 
librium When these routines go wrong, as when 
the antelope break through the line of beaters or 
the ship fouls the pier, rapid changes occur in the 
activity rates of the individuals concerned, and the 
resultant emotional disturbances can readily be 
seen 

'l hr Division of Labor and the Complexity 
of Institutions 

111 all human societies there is some kind of a 
division of labor which the specialization of the 
men on shipboard will illustrate It derives not 
merely from the fact that many techniques in fact 
require several individuals to perform them, but 
also that individuals have different capacities to 
perform different types of work The simplest 
example of this differentiation, which is found in 
all societies regardless of their technological level, 
is the division of labor on the basis of age and 
sex Thus men hunt, fish, trade, and go on the 
warpath, while women take care of the children 
and do their housework, children play, adults 
work, and senile individuals reminisce with each 
other while basking in the sun 

But within this general division, individuals tend 
to specialize, one man spends most of his time 
trading, and another at making weapons for the 
rest of the group, one woman concentrates on 
making pots, while another mnv weave blankets 
for which she is specially noted This part-time 
specialization, due to the special aptitudes of the 
individual, derives largely from the essential physi- 
ological properties of human beings, in terms of 
the technical differentiation which these simple 
tasks necessitate 

As people develop more and more complex tech- 
niques, a further division of labor takes place 
In weaving, for example, instead of the whole proc- 
ess beuarf performed by one person, from shear- 
ing the wool to the final process of dyeing, several 
persons may specialize, one to shear, one to spin, 
one to weave and one to dye the finished material. 


Since a specialist is more skillful than a jack-of-all- 
trades and can, with superior techniques, produce 
more goods per day or per hour, people who live 
on such a level have more material possessions 
than those who lack this kind of division of labor 

As the techniques become increasingly complex, 
an increase in the division of labor is not the only 
result, another is the need for more and more 
supervision In an automobile factory there is a 
whole staff of men whose task it is to plan opera- 
tions and to organize the workmen, as well as 
to direct them, leadership becomes increasingly 
elaborate and itself specialized 

In any group of men working together at a task 
of any complexity, therefore, there must be organ- 
ization if the task is to be successfully done This 
organization must be habitual — that is, the man 
who is leader one day must also lead the next, and 
the order of action from director to foremen to 
workmen, and from department to department, 
must be habitual and the personnel must be suited 
by their personalities to their several roles, and 
conditioned to them as well 

The Organization of Peasant and Urban 
Communities in the Pre-war World' 

Now that we have seen how the complexity of 
institutions of which societies are composed de- 
pends upon the interactional requirements of the 
technology available to the group, we can begin 
to estimate what effects the systems existing be- 
fore the rise of the modern technological age will 
have on a world order Even today new and old 
technical systems face each other throughout the 
world, and the attainment of a world equilibrium 
is dependent upon the way in which these adjust- 
ments are made 

We can leave out the extremely simple, primi- 
tive societies, such as those of the Australian 
Aborigines or Esknno, which numerically speaking 
are of little importance, and concentrate our 
attention upon these groups of people whose 
principal technological pursuits are agriculture and 
manufactunng 

Aside from these primitives, then, the pre-war 
world could be roughly divided between communi- 
ties which we can label by the term peasant, and 
those which participated fully in the advanced 
technology of the late nineteenth and early twenti- 
eth centuries. A good example of such a peasant 
culture is to be found among the fanners and 
fishermen of Western Ireland Here the most un- 
portant institution is the family, and the agricul- 
tural techniques by which people make their liv- 
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ings are all carried on within the membership of 
this limited circle. This agricultural system, based 
upon the family, was tributary to the urban sys- 
tem of the Bntish Empire, since the grain and 
beef cattle which the Irish peasants produced as 
their cash crops flowed mostly to the markets of 
industrial England 

This Irish peasant culture, with its emphasis on 
the practice of agricultural techniques within the 
family, lias changed little since pre-Christian times 
The Kings of Tara, the Anglo-Norman overlords, 
the British territorial governors, and the Irish Free 
State government itself, mark successive changes 
in the political organization of the country, and 
the language of the people has even changed, with- 
out this family system being visibly altered The 
reason for this conservatism has been that what- 
ever the shifts of authority at the top of the 
political organization, whatever the changes in 
the lives of the rulers, the peasants themselves 
have continued to till their holds with the same 
kinds of tools and in the same ways and have 
thus undergone no visible change m basic tech- 
nology Since the relations of people depend on 
their roles in practicing techniques, the typical 
Irish peasant system has survived unaltered 

What is true of the Western Irish is tiue in 
general of peasant communities everywhere, in 
Russia the liberation of the serfs and the assassina- 
tion of the Czar made little difference in human 
relations in the countryside, because the farmers 
were still using the same plows and the same rakes 
and fattemng their pigs in the same way Changes 
m the structure of Russian peasant society did 
not coine with communism, but with the introduc- 
tion of the tractor, just as what little change has 
taken place m modern Irish peasant communities 
in recent times is associated with the electric butter 
churn and other such devices 

To these peasant communities may lie contrasted 
the urban civilization of the period in question 
Each European country and many countries in 
other continents, had a number of cities in which 
people lived with enormously greater specializa- 
tion and division of labor, and in which they prac- 
ticed much more complex techniques than their 
country brethren In urban centers people worked 
in factories and other large enterprises and ex- 
changed their manufactured products for the food- 
stuffs and other raw materials of the countryside 

Nevertheless the relationships between urban 
and rural communities were limited to a few 
channels The peasants bought their goods at 
the cross-roads store or from pedlars, but they 


seldom saw or talked with the people who made 
these objects; they remained in their rural en- 
vironment and maintained their rural system of 
relationships in almost complete isolation This 
is exactly the same situation which obtained be- 
tween the nations which were largely urban, such 
as Great Britain and the Netherlands, and the 
colonial regions from which they drew their raw 
materials, such as the Malay Peninsula and the 
Dutch East Indies The lives of the natives in 
these latter regions were relatively unaffected by 
their relations with the industrial nations, al- 
though they bought ready-made cloth for their 
clothing and rode bicycles, the basic techniques by 
which they raised their food and got along with 
their fellow men remained the same 

The reason why urban and peasant communities 
throughout the world remained relatively isolated 
during this period, can be found in the field of 
transportation England could ship goods around 
the world in her merchant steamers, but they put 
into relatively few ports, and the distribution sys- 
tem on land was, except for the railroads, little 
better than that which existed in Roman times 
The railroads themselves were costly to build and 
operate and could reach directly only a small pro- 
portion of the peasant and colonial populations 

Another branch of technology which was partly 
responsible for this situation is the field of com- 
munication Without telephone or radio, relying 
entirely' upon the rails and the telegraph, events 
eould occur weeks before administrators in the 
capitals of world empire know about them, and 
what is more important, peasant pojmlatioiib could 
remain largely isolated from any administrative 
action 

As I pointed out m the case of Ireland, the 
jieasant. societies throughout the world achieved a 
state of equilibrium which remained relatively con- 
stant over a long period of time Witlun the 
cities, as a function of changes in technology, there 
was a continual struggle for dominance among the 
various economic institutions, as each group tried 
to achieve an equilibrium for its members m the 
face of competing institutions This attempt of 
technological systems to stabilize their relations 
with customers and sources of supply w'as carried 
over into a contest tor control of the political sys- 
tem Yet whichever group temporarily seized con- 
trol, the life of the peasants went on with little 
change 

The very stability ot these peasant systems and 
their isolation from the urban centers and admin- 
istrative officers of the government made the oc- 
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casional efforts of the latter to introduce changes 
of little avail In fact, changes m the relations of 
peasants and overlords brought about automatic 
reactions within the peasant community, and 
thence reactions in turn produced a restoration of 
equilibrium Thus when the overlord overtaxed 
the peasants, the latter became angry and banded 
together to resist the tax gatherers. The overlord 
could destroy the community but he could not 
change its rate of production or its level of 
equilibrium 

Modern Technology and the Eqmlibnum of 
Institutions • 

The technology of the present period is rapidly 
destroying the contrast between rural and urban 
systems of relations, and that which has existed 
between imperialist nations and their colonial de- 
pendents The reason for this is not hard to dis- 
cover In this country, which pioneered in the 
modern technology, country people and city people 
use the same technical devices for many of their 
operations; they both use electric washing ma- 
chines, electric flat-irons, etc They both ride in 
automobiles, and furthermore they can see the 
same moving pictures, listen to the same radio 
programs, and read the same magazines With im- 
proved transportation people who work in the 
city can now live in the country, and people who 
work in the country can make frequent trips to 
the city Many factories are now built in the 
country, and draw on rural populations for their 
labor 

Thus the influence of present-day technology is 
to bring country and city people into a single 
major system of relations which must achieve an 
equilibrium We have no longer a peasant back- 
log, maintaining an even subsistence level m bad 
times and good, always able to eat but little more, 
today the farmer of the dust bowl is just as sub- 
ject to profound fluctuations as the factory worker 
or the shipper All of us m this country are 
part of a technological system based upon mass 
production 

In outlining the general framework for a world 
equilibrium, therefore, we must reckon with the 


fact that the changing nature of our technological 
system and the changes m human relations which 
it is bringing about are proceeding at differential 
rates in different countries Attempts to orgamze 
a world system must take into consideration the 
fact that the necessary changes in human relations 
can be introduced only through the sphere of tech- 
nology, and that these changes will of necessity be 
incorporated within the existing organizations in 
the different regions of the world In so doing, 
however, the equilibrium will be disturbed, and if 
the change required is too great, a period of in- 
stability will result before a new equilibrium will 
appear In order (hat this can be done most 
effectively, the changes must be made within the 
framework of existing regional systems These 
must be granted local initiative and local auto- 
nomy, necessary for the successful operation of the 
larger organization by which the world technology 
can be stabilized 

Conclusion 

The technological changes by which man can be 
emancipated from too great a dependence upon 
nature and which will necessarily occur unless the 
world goes completely to wrack and ruin can cause 
at the time of their introduction relatively great 
or little harm If they are put into operation 
without regard for the necessities of the systems 
already operating, contrary to the organization of 
the institutions which have already been worked 
out among the people concerned, then serious com- 
pensatory reactions will take place If however 
an attempt is made to determine what the ordered 
interactions of the individuals actually are, the 
techniques can be introduced in such a way that 
the system is only momentarily disturbed, and can 
easily achieve a new state of equilibrium If this 
is done, and to do so requires careful planning on 
the local level, we can look forward to the time 
when a world equilibrium will have become as 
habitual and as stable as the peasant communities 
of the past Unlike these, however, they will pro- 
vide a free system within which every individual 
can achieve an equilibrium and an effective adjust- 
ment to his world 
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Introduction. 

How can a world equilibrium be organized and 
administered’ Any answer we choose to give to 
such a question can by necessity be only a partial 
one. Yet answer it we must if we are to survive, 
and our hopes of success will be immeasurably 
strengthened if we base our plans on the principles 
of human relations 

We have to begin with human beings, and with 
human beings who have already been conditioned 
to habitual routines of interaction You have 
heard something of the constraints which these 
routines will impose upon any world system, and 
of the modifications and limitations upon our rela- 
tions to others which we can expect from our 
present-day technology Any plan for the organ- 
ization of a world equilibrium must be based upon 
these operating realities 

Equally important m planning an organization, 
however, are the steps by which one’s plans are 
put into effect, for these steps determine the form 
of the plan which results Unless all the com- 
batants disintegrate through exhaustion, the end 
of the war will be a military victory, followed by 
military occupation of the conquered countries 
An organizational plan must, therefore, take into 
consideration the basic fact that a military occu- 
pation with military governors, martial law, and 
emergency measures must be transformed into an 
effective political system This transformation 
must be carefully planned — the automatic tenden- 
cies of systems of human relations to return to 
a state of equilibrium must be guided within calcu- 
lated channels Otherwise, armies of occupation 
wall tend to become permanent and will then be 
rationalized as a preparatory and educational inter- 
lude for a political adulthood which will never 
come In the frantic haste of victory, the carpet- 
bagger, whether the simple exploiter of our Civil 
War days or the more sophisticated Commission 
used after World War I, often seems to be the 
only means by which political order can be re- 
stored As history has shown, such reconstruction 
methods can never bnng about a restoration of 
local autonomy within the framework of a cen- 
tralized control which will achieve equilibrium 
Carpetbaggers of every form and carpetbagging 
policies towards the vanquished act as disturbing 
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forces on the system, bringing about violent com- 
pensatory reactions on the part of the governed 

We cannot hope, therefore, to implement the 
Atlantic Charter and bring about a world equi- 
librium, unless these facts are realized We must 
learn the bitter leRson, that w r e have to plan for 
human beings, and not for “economic men” or 
“political animals” or “men of good will ” We 
have to plan, in other words, according to the ways 
in which people actually do behave, and not as we 
think they ought to behave And our plans must 
contain the steps by which they are to be put 
into operation, steps which must, be taken at the 
moment of military victory, and not delayed for 
some more propitious future which will never come 

The Relative Efficiency of Totalitarian and 
Democratic Systems 

Changes in the interaction rates of individuals 
are the disturbing forces in systems of human rela- 
tions When such changes occur, the equilibrium 
is upset, and the changes in the autonomic nervous 
system which result include compensatory changes 
in the interaction rates In our ordinary experi- 
ence, we recognize emotion by such changes, and 
we recognize too the necessity for the individual 
to blow off steam, to complain about the injustice 
done him, and to seek redress and thus, m more 
precise terms, to reestablish his state of equilibrium 

We have already discussed how the technical 
activities of every day life provide the context 
within which interaction takes place, and in which 
individuals adjust to others, or become seriously 
maladjusted The organizational structure of every 
institution is built up on routine events in which 
one person acts and a group responds, and through 
which the technical activities can be performed at 
given frequencies and m habitual ways When 
disturbances occur m the adjustments of individ- 
uals, compensatory reactions take place within their 
habitual relations to others If these reactions alle- 
viate the disturbance, equilibrium is restored The 
efficient organization or system is that in which 
these reactions produce adjustments within the 
system rapidly and along well-defined channels 

In designing the plans by which effective organ- 
izations are set up, planning experts have already 
worked out many procedures which, if properly 
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applied, can help the officers of administration to 
maintain a stable state within their organization, 
and to eliminate disturbances rapidly In general, 
however the administrators use even these pro- 
cedures to a limited extent only, m fact they 
usually apply them only to the upper brackets of 
the administrative hierarchy, and rarely consider 
the needs of those on the lower rungs Thus they 
fail to take into consideration the essential unity 
of the s> stem and its need to lie treated as a whole 
The result is that most compensatory reactions 
run down the line of authority, and each admin- 
istrator restores his own equilibrium, when dis- 
turbed by a higher-up, by acting upon his sub- 
ordinates At the bottom level, there ih no ordered 
channel, the governed have only each other as out- 
lets In such an organizational system, which we 
have recently come to call totalitarian, there is no 
provision for modification of administrative action 
except b> direct appeal up the line, and such an 
action brings about a compensatory reaction in 
the opposite direction Where disturbances occur 
with any frequency, the flow of actions down the 
line requires the individuals at the bottom to be 
highly conditioned so as to respond automatically 
to the actions of the hierarchy Each such indi- 
vidual can find compensatory outlets only in per- 
sons upon whom he is permitted or encouraged to 
act — his wife and his children, members of out- 
cast groups, and members of other nations A 
totalitarian system, therefore, prevents any modi- 
fication of the structure from below, in response 
to changes in environmental and technological con- 
ditions Yet it is on the bottom level that such 
changes are continually occurring If the disturb- 
ances passing down the line are too frequent and 
their intensity becomes too great, the necessan 
result is conflict; where possible, rebellion, where 
not, non-cooperation, restriction of output, sabo- 
tage, and an increasing incidence of mental dis- 
orders 

Even though systems of this kind have operated 
for brief periods in the past in different countries, 
they are necessarily unstable, and in tunes of tech- 
nological crises, subject to automatic and violent 
compensatory reactions Under present conditions, 
it is highly doubtful that such systems can be as 
effective us was formerly possible In peasant 
communities, the administrative hierarchy oper- 
ated at a much lower frequency due to the 
low interactional requirements of the agricultural 
methods then in use It was therefore possible 
for such a group to maintain its equilibrium even 
under a totalitarian regime by virtue of becoming 


a self-contained, highly isolated system with its 
relations to the outside world cut to a minimum 
Our modern mass-production technology depends 
not only upon the complex interrelations of count- 
less individuals within the manufacturing institu- 
tions; it also depends upon mass-consumption 
The administrative hierarchies necessary to make 
such a system work operate at a high frequency, 
an assembly line cannot be run by absentee fore- 
men The complex adjustments of individuals 
within such a system which must occur if it is to 
attain a state of equilibrium cannot take place if 
the individuals are emotionally disturbed — a neces- 
sary result of totalitarian conditions in times of 
peace. When war is over, and a world-hegemony 
has been reached, aggression on individuals ex- 
ternal to the sjstem no longer provides any kind 
of outlet Unless actual outlets within the system 
are provided, no equilibrium is in fact possible 
As an alternative to the so-called totalitarian 
system, there has been devised the democratic or 
representative system, in which the people at the 
bottom of the administrative hierarchy are able to 
act upon the administrators As everyone knows, 
the representative system is one in which I, the 
governed person, the man in the street, am able 
to compensate for a disturbance to my equilibrium 
by acting upon my representative, whom I choose, 
who m turn is able to act upon the administrator, 
in order to bring about changes in his behavior 
which will restore my equilibrium It is a circular 
system in which the compensatory mechanisms are 
part of the organizational structure 
The democratic system is merely a representa- 
tive system in whieh all of the administered who 
are adults are members of the class of those who 
are acted upon, and who in turn act upon their 
chosen representatives The degree to which this 
system is effective in maintaining a system in equi- 
librium is a quantitative problem, whether in fact 
a system can be callpd democratic is again a ques- 
tion of quantity In many countries it became, 
the fashion, at one time or another, to set up such 
a representative system, and the unwary who 
looked at the form and not at the working sys- 
tem of human relations spoke of such countries 
as democratic The facts of the case were that they 
were merely disguised totalitarian systems, set up 
to make the people think that they had a voice in 
the government, and thus to lull them into a state 
of equilibrium Since the representatives chosen 
by the people had no power, and the actions of 
the people upon these men produced no results, 
this ruse served only temporarily to alleviate the 
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disturbance of the individual citizens The fact 
that the representatives could bring no change in 
the administration meant that the circular sys- 
tem was not in operation, hence the governed ob- 
tained no modification of the administrative policy, 
and the basic disturbances inherent to such a sys- 
tem soon returned. In this country, a similar 
situation existed in the so-called company unions 
or employee representation plans formerly the 
vogue m industry, when, ns was true in all ex- 
cept rare cases, the employees found that they 
had no opportunity of acting on any matters which 
were of real importance to them, they soon lost 
interest and sought compensatory outlets elsewhere 
If we are to organize a world equilibrium, we 
will tend towards one or the other of these two 
solutions of the problem We mav obtain the 
totalitarian solution in fact, while having the dem- 
ocratic solution in theory In our opinion, the 
most efficient system of organization m terms of 
the realities of human relations, is the democratic 
one It provides habitual channels within which 
compensatory reactions may operate to restore the 
equilibrium of the system It enables one to intro- 
duce technological changes without running too 
much risk of causing severe disturbances of which 
the administrators became aware too late It is the 
only method by which large scale organizations 
can be run efficiently And it provides for a reten- 
tion of local autonomy and local initiative within 
a world-wide order The criticisms so frequently 
made of the inefficiency of democratic systems as 
compared to the totalitarian are due not to the fact 
of having too much democracy but of having too 
little Inefficient organization is the result either of 
the failure to use present-day knowledge of organ- 
izational principles in setting up the organization, 
or of the existence within the government of a 
totalitarian sub-system which is successfully able 
to short-circuit all attempts to bring about changes 
m its administrative procedures A brief examina- 
tion of actual cases drawm from history will indi- 
cate to anyone that such inefficiency, with rare 
and temporary exceptions, is most characteristic 
of totalitarian regimes 

The Organization of a World Equilibrium • 

If the democratic system provides the most 
efficient way we know of organizing a world equi- 
librium, the problem is, how can such a system 
actually be put into operation on a world-wide 
basis’ The previous speakers have skotched for 
you something of the materials with which we 
have to work ; it is my task to outline the general 


framework of a system of organization in which 
major sources of disturbance will be eliminated 

You have already heard how important a part 
technological routines plav in determining the inter- 
action of individuals The greater part of every 
individual’s day is spent in technical activities, and 
the complex interdependence of individuals pro- 
duced by our present technology has brought about 
the formation of regional systems, throughout the 
world, each of which can attain a stable state of 
equilibrium For this reason, in outlining the basis 
for organization of a United States of the World, 
each state which forms an administrative unit 
must not be an ethnic or linguistic group, or even 
a nationality, it must be a natural geographic- 
technological region, within which trade and the 
exploitation of natural resources occurs within the 
bounds set by natural barriers, climate, and the 
common highways of travel, regardless of race, 
language, or ethnic identity Examples of such 
areas arc the Danube Valley, the Mediterranean, 
the coasts of the Baltic and the North Seas, and 
so on I shall not attempt to list all these unit 
regions or to set their boundaries The exact 
limits for each area can only be fixed bv determin- 
ing whether or not the frequencies of interaction 
occurring within the technological institutions of a 
given area possess the properties of a system m 
equilibrium 

A word perhaps ought to be said to explain 
why we regard nationality, ethnicity, language, and 
also religion as unimportant in the formation 
of these natural geographic-technological regions 
The organizing principle which we have followed 
is to select those conditioned routines which bring 
about the greatest amount of interaction with the 
stablest frequency, and to build upon them a homo- 
geneous political unit Trade and manufacturing 
bring people into habitual association whatever 
their race or creed Ethnic or linguistic divisions 
which were so much in the consciousness of states- 
men after World War I are symbolic in character; 
they refer to habitual wajs of interacting which 
had, at some time in the past, a technological and 
environmental basis The growing pains of the 
modern world system, seen in the present war, are 
largely the result of the necessities of the existing 
governments to achieve equilibrium for political 
institutions built upon the habitual routines of 
nineteenth century technology Each change re- 
sulting from twentieth century technology, brought 
about compensatory reactions within the political 
systems, and these m turn brought about greater 
dislocations in the habitual routines imposed by 



36 


CHAPPLE 


environment and technology on the people who 
were at the same time subject to the rule of these 
outmodpd political institutions Jugoslavia, for ex- 
ample, was united after the last peace on the. basis 
of language, and the struggles between the Croats 
and the Serbs, which have gone on ever sinee, 
reflect the essential geographical and technological 
disunity of this artificially created kingdom 

Where stable technological systems exist, how- 
ever, people of diverse languages, and belonging to 
different ethnic groups, have been able to live and 
work together harmoniously The Island of Great 
Britain, Switzerland, are but two of many ex- 
amples where this has occurred. And in all these 
cases, when the interactions change, the symbols 
change with them Thus Romansch, Italian, 
French, and German become Swiss The equilib- 
rium within these countries is not based ujion the 
sharing in common of certain symbols, but upon 
the stable adjustments of the individuals con- 
cerned Stable political institutions can only be 
based upon the framework of a stable technological 
system, upon the necessities by which people are 
brought face to face in their daily life 
Once regional states have been delimited, the 
political system for a United States of the World 
can be set up The machinery m question must 
involve a democratic and representative system 
both for the regional states and for the Federal 
System with the emphasis within the regions on 
local autonomy and local initiative The concern 
of the government of the United States of the 
World would be upon the administration of those 
aspects of human relations which involve the inter- 
relations of the regional states Its function, there- 
fore, would be to maintain the world equilibrium 
by controlling and supervising the systems of com- 
munication and transportation, the allocation of 
raw materials and the conduct of trade and ex- 
change between the several regions 
Basic to such a system would be the possession 
of a world police force, including an army, a navy, 
and an air force, with no rivals permitted. Of 
necessity, then the tools of modern warfare — 
planes, tanks, etc — are reserved to the Federal 
system, and the regional states would be permitted 
only militias to keep the peace Unless tins pro- 
vision is incorporated within the organizational 
framework, a United States of the World cannot 
operate Every institution, to be effective, has to 
be able to enforce its decisions, to compel those 
who will not respond to its authority to learn to 
do so Within a democratic system, the use of 
such power is subject to the control of the gov- 


erned; it can be exercised without bringing about 
fundamental maladjustments 
We cannot give you a detailed blueprint of the 
workings of such a system It would take time, 
money and the collaboration of a technical staff 
to produce such a scheme We can, however, em- 
phasize several principles which are of funda- 
mental importance in its successful operation The 
first of these is that every regional state, whether 
it be composed of victors or vanquished, whites, 
yellows, browns or blacks, must be a member of 
the world system on an equal basis The admin- 
istrative hierarchy of the United States of the 
world would then be made up of individuals from 
all the regional states, and The Federal Civil 
Service would ojicrate much like the old Chinese 
mandarin system, open to all and based upon com- 
petitive examinations The exclusion of any group 
for reasons of expediency or revenge or to main- 
tain a pre-war system of control will only bring 
about new sources of disequilibrium People learn 
only by doing, and democratic systems can be 
made to work onlv if the individuals concerned are 
given the responsibility Many peoples who have 
been excluded from large political systems on 
grounds of political immaturity, as for example the 
Hindus, have in fact practiced such governmental 
methods in their local groups. Once people hivve 
been jiut into a position of inferiority within an 
organizational framework, it is to the interest of 
even the well-meaning to keep them there, since, 
if any change is made, the equilibrium of the 
superior groups will be disturbed Now, however, 
the disturbance is so great and so general that the 
time has come to set such people free 
Even Germans and Japanese must be included in 
our policy, however painful and bitter our feelings 
towards them Their totalitarian institutional sys- 
tems, operating under the restrictions imposed 
upon them drove them automatically on their 
present course It is of fundamental importance 
that, this time, they shall not again be provided 
with the means and the incentive to undergo such 
violent compensatory reactions, but that on the 
contrary, positive action shall be taken so that 
with them ns with others a democratic system can 
operate effectively within a regional framework 

The Administration of a World Equilibrium: 

As I pomted out at the beginning of this talk, 
the careful elaboration of an organizational frame- 
work within which a world system can operate is 
an idle effort unless each step by which it is to be 
put m operation is planned with equal care. In 
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dealing with human beings, each of whom has 
specific physiological properties, we must contin- 
ually keep m mind that they behave in accordance 
with these properties Once they are conditioned 
to a particular way of behaving, m terms of which 
they achieve a state of equilibrium, they tend to 
remain in that state, and to return to it after minor* 
disturbances For this reason a basic principle of 
administration is that the means determine the 
end, once you condition individuals to a particular 
way of doing things, it is difficult to change the 
habitual systems of relations in which they interact 

Once the war is over and victory has been won, 
those who are responsible for setting up a new 
world order which they hope to make stable will 
be confronted with their most dangerous hour of 
decision Each step that thej take at the time — 
when the several countries of the world are in up- 
heaval, when the victors and vanquished alike are 
trying under the stress of old patterns to return to 
some kind of a balance — will determine whether 
or not the next step will be possible Temporary 
measures which are put into operation because 
no decision has been made as to what permanent 
steps are needed will themselves become permanent 
measures, and will shape the organizational struc- 
ture It is consequently necessary, in setting up a 
plan for a regional system of federated states, to 
see what conditions need to be met at the outset 

At the end of the war, the victors will be faced 
immediately with the problem of getting the tech- 
nological systems back to a working peace-time 
basis This means that not merely will it be the 
responsibility of the victors to disband the armies 
and to feed the starving populations, but to see 
to it that manufacturing and trade shall return to 
some kind of stability Wc are all of us conscious 
of the problem involved in our own country, and 
it has been the concern of private agencies and 
of the Federal government to set up plans by 
which full employment can be maintained and the 
productive operation of our industrial system trans- 
formed into peacetime products But this prob- 
lem must be faced m every region of the globe, 
and the successful implementation of a technology 
capable of attaining equilibrium cannot be worked 
out after the armistice is signed, it must be pre- 
pared beforehand 

If such planning is done m detail before the war 
is over, it will then be possible to utilize the neces- 
sities of feeding the populations of the world, and 
of repairing their economic systems, as ways of 
conditioning the individuals m these populations 
to the new political system. If the framework is 
drawn up in advance and ready to put into opera- 


tion, those who wish to introduce this system can 
use the administrative necessities of the post-war 
period for this purpose Representative systems 
can be set up m the several regions to aid the 
administrators in feeding the populations, and in 
working out and directing the technological changes 
needed to provide reemployment for the armies 
In this way there nerd be no period of temporizing 
in which the old habits and systems ran reassert 
themselves, compensatory' reactions can bo directed 
within new channels and not left to find their way 
back into the old 

Such plans cannot be directed and administered 
unless continuous control is maintained over the 
developing systems of human relations Systems 
of human relations, like all other systems, vary 
within fixed limits when they reach equilibrium 
It must be part of the routine activities of the ad- 
ministration to take periodic samples within the 
different regions, in order to determine whether or 
not changes are occurring outside the limits of 
tolerance of the system in question and to take the 
necessary administrative action By the use of 
such control methods, it will be possible to estimate 
the effect of a new technique upon the equilibrium, 
and to see to it that each increase in technological 
efficiency is fitted to the existing organization so 
that it produces an increase in the adjustment of 
human beings 

Such a democratic system, however, capable of 
attaining a state of equilibrium on a worldwide 
scale, can never operate unless we plan what we 
are going to do, long before we are called upon 
to do it The conversion of a single nation to 
readiness for war requires years of careful planning 
before an M-day is feasible The far more com- 
plex organizational framework for a United States 
of the World cannot be left to the chance inspira- 
tion of the day after peace has been won We 
must have in our hands a careful outline of the 
precise steps to be taken and the order m which 
they are to be timed, as well as an organizational 
blueprint for the system as it is intended to operate. 

If we are to succeed, time is of the essence The 
longer we wait after the final victory, the more 
time is given for the various countries to return 
to a status quo ante bellum, and the harder it will 
become to introduce new systems of relations to 
which people must become conditioned Our plans 
for V-day must be fully worked out, ready to put 
into operation if and when the event occurs. Lack 
of preparation for peace can be even more fatal 
than lack of preparation for war, for unless we 
prepare for peace, we can never hope to see an 
end to war. 
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“Let us oonceive of the whole group of civilised 
nations as being, for intellectual and spiritual pur- 
poses, one great confederation, bound to a joint 
action and working toward a common result, a 
confederation whose members have a due knowl- 
edge both of the past, out of which they all pro- 
ceed, and of one another This was the ideal of 
Goethe, and it is an ideal which will impose itself 
upon the thoughts of our modem societies more 
and more ” 

In this intellectual and spiritual confederation 
envisaged by Matthew Arnold, we scholars brought 
to maturity whatever within us is good for others. 
The Tercentenary of 193(1 honored it as well as 
Harvard That was its last blossoming Already 
the Nazis in Germany and Franco in Spain had 
begun the long sequence of tragedies which, for 
the second time in our lives, has torn asunder the 
Western world of art and science and ideas For 
politicians and soldiers let it be a war between 
groups of nations For us it is a civil war within 
the single community of thought 
Arnold might assume in 1879 that this intellec- 
tual and spiritual confederation could continue in 
a Europe which was for other purposes divided 
into irregular compartments, that its unity would 
not be severed by the barriers of tariff walls and 
frontier fortresses The two civil wars, thirty-five 
and sixty years later, have shown us the falsity of 
his assumption National boundaries can impede 
the free flow of thought more than they do the less 
sensitive curionts of trade The confederation of 
the spirit envisaged at Weimar is superseded by the 
New Order conceived in Berchtesgaden 
And > et the ideal ot Goethe and Arnold is one of 
the chief reasons for my belief that the Interna- 
tional Utopias of which I shall speak are more 
than the baseless fabric of a vision Europe was 
one in the ways that they accounted most im- 
portant. That makes it easier for it to become one 
again m a greater number of ways This confed- 
eration of the mind and spirit was real and had 
been real for centuries There is something there 
capable of taking on new functions and influencing 
still more human activities 
A second reason for confidence is economic I 
need not indulge in commonplaces about the anni- 
hilation of space, but merely illustrate what I 
mean from the war itself The mobility of the 
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very tools of destruction — airplanes, troop-trains, 
and tanks passing rapidly from Narvik to Crete — 
shows the growing meaninglessness of the old na- 
tional boundaries So does the coordination of 
factories creating those tools of destruction How- 
ever vile the present purposes, Europe is umfipd 
industrially as never before May it not be possi- 
ble to change the purposes and yet preserve the 
umty? 

As a third witness let me summon Hitler himself 
His New Order is a negation of nationalism and 
racial isolation It is federation — of a very bad 
kind, surely, but vet it is federation, whieh Europe 
never had before Countries formerly separated 
arc now associated as master and slaves — they mav 
later be associated as comrades in a common enter- 
prise A conqueror sometimes benefits his foes 
more than himself Napoleon erased the outworn 
boundaries of many petty German states, but the 
resultmg unified Germanv passed to the very 
dynasty he fought So Hitler may be wiping out 
wider boundaries so that soon the agents of a 
democracy may govern as uninterruptedly as his 
minions do now 

The instability which succeeded the Fall of the 
Roman Empire has persisted until the present day 
Rival nations sliding about over each other have 
produced periodic earthquakes like sliding strata 
of rock This w'ar, in its early stages at least, is 
only the latest of a series of often senseless strug- 
gles, wars of this or that succession, whose reper- 
cussions used to loose the Indians on our fore- 
fathers and now have turned the Japanese upon 
us To an American vexed by these constant 
quarrels, they seem likely to continue so long as 
an area smaller than our own is split among over 
a dozen mdependent political units each pulling in 
a different direction against the others and against 
the growing strength of the uniform techniques of 
industry which ignore national boundaries. In a 
sense, Europe has always struggled to reinstate the 
pax Romana, and now may be the best chance it 
has ever had to do so, albeit m a nobler form than 
either Trajan or Hitler conceived 

In short,, with all our misfortunes, a central gov- 
ernment for Europe — or even for the world — be- 
comes more practicable than it was m 1919. We 
do not know yet what spirit will imbue that gov- 
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ernment Oddly enough, its spirit seems likely to 
emanate from Germany whichever way you look 
at it On the other hand, the New Order of 
Hitler, on the other, the European confederation 
dreamed of by Goethe and Immanuel Kant Or 
shall there be a third course — all the old independ- 
ent states once more? 

May I venture an analogy from a remote part 
of the world? During the centuries when Greece 
was falling apart and Rome was expanding, China 
was divided like modern Europe into many war- 
ring states They fought with traditional eti- 
quette, changed boundaries kaleidoscopieally, yet 
still remained numerous und bellicose Meanwhile, 
the teachings of Buddha and Confucius spread re- 
gardless of boundaries Meanwhile, the irrigation 
systems so necessary for Chinese intensive agri- 
culture went on expanding The interdependence 
of these canals called for a unifier! control of all 
the water in China Nevertheless, political divi- 
sions threatened to wreck what should culturally 
and economically have lieen a single community 
About the tune of the first war between the 
Romans and the Carthaginians, a people called the 
Ch’in started conquering the iest of China They 
did not fight like gentlemen, as other Chinese did 
They beheaded their defeated foes In 221 B.C , 
just before Hannibal crossed the Alps, they over- 
came their last antagonists, the Ch’u At last there 
was one control of the water system Bad as the 
Ch’m were, they had done the job And just, be- 
cause they were bad, they were replaced in fifteen 
years by the Hail dynasty, the first great rulers of 
a unified China Ever since Chinese historians 
have hated the Ch’in 2 It may be possible that the 
Nazis have with even greater cruelty accomplished 
the task of undying Europe so that more enlight- 
ened successors may soon do good that was never 
possible before 

Along with these three (actors working for uni- 
fication, we have an entirely different reason which 
impels men powerfully to try to bring about some 
sort of unification I refer, of course, to the in- 
escapable evidence that the alternative is recur- 
ring warfare. We know well that science has made 
war vastly more costly and more destructive, and 
will accelerate this tendency, that it is increas- 
ingly unlikely for a war to be localized between 
two countries — once started, it spreads rapidly 
over the world We know that the intervals be- 
tween wars can be very short unless we do some- 
thing to make peace effective. It is just as well, 
perhaps, that the Second World War came so soon 
after the First, so that we cannot ignore this 


lesson. We know that hereafter, unless a better 
order be established, even an interval of peace will 
be almost as bad as war, for hereafter nobody will 
dare to refrain from preparing, preparing, prepar- 
ing, at enormous cost You can have strong de- 
fense, or you can have civilization, but you can- 
not have both Even peace will be a total organ- 
ization for war, crushing out education, recreation, 
books, family life. This road leads straight to 
inass suicide — a feverish peace followed by what 
Kant described as “A war of extermination, where 
the process of annihilation would strike both 
parties at once would bring about perpetual 
peace in the great, graveyard of the human race ” 

So there is, more than ever before, eagerness to 
establish something new which will prevent this 
nun of our race And the opportunity will come 
after victory What shall we do with it? What 
sort, of new world is desired? Several sorts, m 
fact Many books and magazine articles have al- 
ready broached different schemes, although the 
subject of post-war organization has not yet re- 
ceived much attention m daily newspapers There 
is some danger that people will get so bewildered 
by all the overlapping and conflicting proposals 
that they will throw up their hands m despair and 
stop thinking about the whole matter That would 
be a great misfortune, for an enlightened public 
opinion on the right use of the victory for which 
wc strive will do much to save us from throwing 
that victory away 

On the other hand, some persons incline to seize 
on a single scheme and fervently hail it as a cure- 
all with no thought of adverse criticisms and alter- 
native possibilities Fanatical devotion to one plan 
at all costs wearies listeners and alienates sup- 
porters of other plans Competing zealots may 
raise such a clamor that they will silence each 
other and disgust everybody else So no features 
of any international scheme will win general ac- 
ceptance, and we shall be buck to some form of the 
balance of power 

Consequently, it is wise for Americans to consider 
more than one scheme, yet not too many schemes 
There are four main types of International Utopias 
that have considerable influence Each of them 
stands out pretty distinctly despite many diver- 
gences among its supporters about details Conse- 
quently, it will simplify the problems of post-war 
organizations to distinguish these four schemes from 
one another, and illustrate each of the four by 
means of a brief description of a significant book. 

At the outset, I want to make it plain that all 
four plans are like the famous recipe for hare soup, 
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which began “First catch your hare” Every 
International Utopia presupposes the downfall of 
Hitler and the other Axis rulers 

I 

The first plan is to improve and strengthen the 
League of Nations In twenty years it showed 
several kinds of defects Its most outstanding 
failure was the breakdown of economic sanctions 
against Italy during the invasion of Ethiopia in 
1935 lienee there has arisen a strong movement 
in favor of stronger sanctions and more effective 
methods for bringing sanctions into operation It 
is to be made really a League to Enforce Peace 
An able and very thorough presentation of methods 
for this purpose is made by an Englishman, laird 
Davies, in a book of seven hundred pages entitled 
“The Problem of the Twentieth Century ” Lord 
Davies is an elderly man Ho became the active 
head of The New Commonwealth, an international 
society devoted to the establishment of an inter- 
national police and other devices for strengthening 
the League It published a number of research 
monographs His book suffers lrom being older 
than the other books I shall discuss The first edi- 
tion was published in 1930 and a revised edition 
in 1934 Hence it is not m form a post-war plan 
but its reasoning is capable of adaptation to the 
situation which confronts us 

After a full and informative analysis of older 
proposals for international unification, like those of 
the Abbe Saint-Pierre and Kant, he takes up more 
recent expressions of the idea of an international 
police force I was surprised to learn that in 1910 
both Houses of Congress passed a resolution asking 
President Taft to appoint a commission of five to 
consider among other aspects of disarmament “the 
expediency of constituting the combined 

navies of the world an international police force 
for the preservation of universal peace ”* Taft took 
some steps but, no cooperation then seemed feasible 
Although Wilson at Paris dropped force out of the 
League, this was inconsistent with his utterances of 
January 22, 1917, m his speech on Peace with- 
out Victory 

“Mere agreements will not make peut_e secure It 
will be absolutely necessary that a foue be created 
as a guarantor of the peimancncy of the settlement 
so much groatci than the force of any nation now 
engaged or any alliance hitherto formed or pro- 
jected that no nation, no probable combination of 
nations could face or withstand it If the peace 
presently to be made is to endure, it must be a 
peace made secute by the organized majoi force of 
mankind ” 


Lord Davies would carry out this proposal of 
Wilson and expand (he idea in the congressional 
resolution so as to include an army and an air 
force as well as a navy 

Under his plan there would be three types of 
police (1) the ordinary police we have now to 
maintain local order, (2) a national body of pohee 
in each country to maintain national order and 
supplement the local police, (3) an international 
police force to maintain international order Their 
two principal functions would be to repel aggres- 
sion and to enforce the decisions of the World 
Court and arbitration tribunals Unlike the Holy 
Alliance, the League is not to intervene m the 
domestic affairs of either members or non-members 
A fortiori another state is to be kept from so 
interfering 

One ot Davies’s most interesting points is that 
the progress of invention has now made possible 
a differentiation of weapons, so that the interna- 
tional police can be armed much more power- 
fully than will be allowed for any national body 
Some sort of differentiation has long been com- 
mon inside a country The local police carry clubs 
or at most revolver 0 , while the national guard and 
the army carry rifles According to the plan of 
Lord Davies, each national army would be limited 
to weapons existing before 1914, whereas the 
monopoly of the newer and more powerful weapons 
would be possessed by the international police 
These would include submarines, airplanes, poison 
gas, tanks, the new heavy artillery and bombs 
All (hese weapon-' would be foibidden to the na- 
tional armies Such a differentiation was proposed 
by France at a disarmament conference in 1932 
The Washington conference of 1921 also furnishes 
a precedent, for differentiation was there used in 
a negative fashion to forbid certain powerful 
weapons and reduce others while some weapons 
were left unrestricted If the proposal of Lord 
Davies could be effectively carried out, it would 
have two great merits In the first place, it might 
very well make the international force more power- 
ful than anv combination of member states with 
their limited equipment A combination of out- 
side states would be met by an even stronger force 
as I shall show later On the other hand, his plan 
would not impair the ability of each state to 
maintain law and order in ns own territory The 
burden of the international force would be met by 
contributions from member states m personnel, 
arms, and money States which failed to contrib- 
ute would be unable to participate m the manage- 
ment of the League, whereas in the past no such 
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penalty was imposed and Peru even obtained a 
seat on the council after it had been years be- 
hind on its annual assessment A delinquent state 
would also be denied the use of the international 
force for the protection of its own frontiers An- 
other new device would be an international general 
staff which would render the international police 
effective and mobile. Thus sanctions would be or- 
ganized before the crime was committed, whereas 
the actual League has been greatly handicapped 
because the economic sanctions which it could use 
had to be worked out after the violation of law 
For instance it was several months after Italy in- 
vaded Ethiopia before the League could decide 
what to do The international force would em- 
brace all the instruments of coercion If it con- 
sisted of a navy alone, as Congress proposed m 
1910, it could not have prevented the German 
army from overrunning Europe in 1914 Hence 
an army and air force must be included Perhaps 
the development of aviation will eventually make 
an international air force sufficient 

How shall the international police force be 
organized? Davies describes three alternative 
schemes 

(1) It will consist entirely of quotas furnished 
by the member states, each of which will control 
its own quota and pay its cost in time of peace 
However, a general staff at international head- 
quarters will organize these scattered quotas, and 
on mobilization it will take them over under inter- 
national command This was the French scheme 
at the Versailles Peace Conference One advant- 
age is that it would cause a minimum amount of 
interference with existing national establishments 
and yet bring about considerable disarmament in 
each country However, there are several disad- 
vantages There is no adequate guarantee that 
a nation would meet its obligations when the crisis 
arose, and thus the League might lack the support 
it had counted on This uncertainty would dis- 
courage apprehensive nations from diminishing 
their national forces Also, it would fail to elimi- 
nate competition between the war offices and 
admiralties of different countries A national staff 
would resent the intrusion of the international staff. 
When each nation retained financial control during 
peace it would be tempted to spend more m mak- 
ing more, to prepare peace industries for trans- 
formation into munition factories, and to invent 
new weapons for its own use Secession is made 
easy, just as the southern state militias in 1861 
became the Confederate Army Finally, this 


scheme disregards the hopeful new opportunity 
for differentiation of weapons. 

(2) At the other extreme is a complete self- 
contained international force, with the abolition of 
nil national forces except as they are necessary 
to maintain internal order This scheme would 
have the advantages of eliminating all competition 
between countries, obtaining comprehensive dis- 
armament at once, producing increased mobility 
of the international force and simplifying the prob- 
lem of organization On the other hand, the dis- 
advantages are numerous The League would 
have to possess a bigger force than it would ever 
be likely to use This force would be much more 
expensive to maintain than national quotas Even 
if some of it could be kept within international 
territory, considerable portions would have to be 
garrisoned inside member states, which would 
cause disputes The problem of maintaining in- 
ternal order would become much more difficult 
Each country would be stripped to its local police 
who would have no national army to fall back on. 
Finally, since there would be no liaison between 
national and international staffs, the people of each 
state would bo wholly cut off from the interna- 
tional force and might cease to regard it as a 
genuine part of their own defense system 

(3) Therefore, Lord Davies favors a compromise 
scheme He would have a composite force both 
nationul quotas and a specialized contingent which 
should be enlisted, equipped, and controlled by 
the League This plan was proposed by General 
Gerard, a far-seeing Frenchman, in 1923 Here 
Lord Davies’s ideas of differentiation of weapons 
would have full scope The separate national 
quotas would be armed with older weapons, and 
the international contingent with newer weapons 
He finds many advantages in this scheme First, 
the central contingent would have unmistakable 
superiority over the armies of member states, 
which would be decisive in an emergency It could 
also hold off outsiders long enough to give time 
to assemble the national quotas, and the combined 
force would then be overwhelming. Second, com- 
petition in the invention and manufacture of new 
weapons would be abolished Third, substantial 
disarmament would be produced unless a non- 
member state starts competing Fourth, it would 
give permanence to the League, for a member 
would be unlikely to withdraw once it had sur- 
rendered its most potent weapons. Fifth, the 
sovereignty of states is preserved for they would 
control their quotas, and the central contingent 
is dependent on their contributions Sixth, the 
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scheme is practicable. The technical arrangements 
of each country go on, of the older sort. Tho 
international police is small with specialists as 
aviators, tankmen, etc Its small size simplifies 
the problem of international barracks and bases 
It also renders the central force very mobile 
Seventh, the continuance of a liaison between the 
national staffs and the international staff makes 
every nation directly interested in the efficiency of 
the central contingent and in fruitful cooperation 
v, ith the League military authorities Eighth, self- 
defense is recognized in a relative form. The 
frontiers will be guarded by their own national 
quota, then by the rapid arrival of the central 
contingent, and finally by the later mustering of 
the quotas of other members of the League Thus 
the third scheme meets the objections to the 
first two 

The international force will owe allegiance to 
the League like the present Secretariat and mil 
presumably cease to be citizens of their former 
states The headquarters and bases will be inde- 
pendent territory of the League, like the District 
of Columbia and the federal forts in our country 
During a twenty-five year experimental period, 
which Lord Davies shrewdly advises, these terri- 
tories might, be merely taken on lease The bases 
should be chosen for their strategical position, ac- 
cess to the sea, and suitability for fleets of airplanes 
They should not be too close to any great j towers 
He proposes Palestine as the District of Columbia, 
because it satisfies these requirements and has 
strong associations for citizens of so many coun- 
tries Other strategical points to be occupied in- 
clude Suez, Panama, Singapore, Djibouti, Corsica, 
the Hawaiian Islands, Constantmojtle, the Aaland 
Islands, and Yap It might also occupy neutral- 
ized zones like the Rhine Valley, the Dardanelles 
and Bosphorus, and the Great Lakes Small states 
might lease part of their territories as part of their 
contnbution, receiving full protection in return 
For example, Albania, Monaco, Latvia, Honduras, 
Newfoundland, and Haiti The League would 
have its own aircraft factories, and it would ration 
orders for other munitions among many states, 
storing them at international bases 

Although this sounds very elaborate and some 
details would certainly be rejected by the United 
States, it seems possible that the international 
police would become less Costly as the world be- 
came increasingly habituated to peace Lord 
Davies wisely observes that a good centralized 
police force tends to eliminate all force, including 
itself 


In order that the international police force may 
be satisfactorily organized and operated Lord 
Davies would remove a second usual objection 
to the Covenant, namely, the requirement of un- 
animity for most acts of the Council He would 
have an executive body capable of managing the 
police and of enforcing sanctions and the decisions 
of international tribunals The prompt action of 
the executive must be assured by the residence of 
representatives of the member-states at the capital 
The actual executive must not be too large or un- 
wieldy Countries should be excluded which do 
not maintain international order or fulfill their 
obligations, including the payment of contributions 
The apportionment of contributions would be 
based on wealth and other factors as well as pop- 
ulation This does give big states an advantage, 
but they already possess this now for the purpose 
of piling up armaments They will be equal in 
the judicial sphere, the privilege of representation 
on the assembly and freedom to criticize Small 
states as a class will be represented on the execu- 
tive body Instead of the rule of unanimity he 
would substitute a two-thirds vote, thinking a 
majority too much liable to make mistakes 

Several objections to the plan of an international 
jiohce are discussed by Lord Davies himself and 
also in a shorter book on “Theory and Practice of 
International Police,” by Professor Hans Wehberg, 
a German scholar long teaching in Geneva (1934) 
Here are some of them 

The force may suffer from disloyalty within, be- 
cause policemen will be more devoted to their 
countries of ongin than to the League In reply 
writers jxnnt to t.hc success of the Frenrh Foreign 
Legion, the Swiss Army, the composite army of the 
Allies in the World War, and the frequency with 
which men change their allegiance on migration. 

Secondly it is urged that a single nation or group 
of nations could overcome the police either by a 
sudden attack or by secretly acquiring a consid- 
erable supply of the strong weapons Lord Davies 
deals pretty well with the danger of sudden at- 
tacks, in view of the mobility and strategic loca- 
tions of the international contingent. The quota 
of the attacked nation would be able to hold up 
the mvasion for a while, so long as the invaders 
possess the same sort of weapons However, this 
reply is greatly weakened if the invaders have 
secretly acquired airplanes and tanks Lord 
Davies does not sufficiently show how the monopoly 
of these strong weapons in the central contingent 
is to be maintained, or how a member country is 
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to be prevented from inventing and using new de- 
vices This seems a particularly serious danger. 

Third, one power might try to get control of the 
central contingent Fourth, this might go in for 
politics on its own and behave like Wallenstein’s 
army in the Thirty-Years War or the Roman army 
m bad periods of the Empire, ready to go any- 
where under a leader who promised high pay 
and abundant loot The reply of Lord Davies to 
these two objections is that treachery and con- 
spiracy would be difficult in a force with three 
divisions for land, sea, and air, each having a sepa- 
rate head for a limited penod of time, and all paid 
by the executive He doubts if one state or one 
leader could influence all the heads and all the 
divisions Although I am not entirely satisfied by 
this reply, Lord Davies goes on to give a better 
reason “Every scheme has its risks Every fed- 
eration has been faced with the possibility of the 
disruption of its central force Every government 
is liable to be deprived suddenly of its sanctions 
These possibilities are inherent in any political sys- 
tem, national or international, but it doeR not fol- 
low that they will be realized The effective safe- 
guards are to be found in the public opinion of the 
countries participating in the confederation, and 
in the common sense of the international police” 

Over and above this, the international police 
must not be viewed in isolation The success of 
this device depends much on the general strength 
of the League as a guardian not merely of formal 
international law but even more of the idea of 
justice in a broad sense The peoples must want 
to cooperate in the league, not m order to keep 
down a certain group of states, but in order lo 
servp the well-being of the world In other words, 
security and disarmament and just international 
relations are three interdependent factors Lack 
of any of the three interferes with the two others 
It is proper to isolate each of these factors for 
purposes of study and detailed discussion, but m 
the end they must be considered together and all 
treated satisfactorily 

Therefore, it is important to cure not only the 
two defects in the Covenant already mentioned — 
weakness of sanctions and the unanimity rule, 
hut also to remove other defects which have pro- 
duced a strong sense of injustice Three of these 
may be mentioned First, the handling of minori- 
ties is poor, and produces a feehng of insecurity in 
the majority and of injustice on the other side of 
the boundary line. One suggestion is periodical 
visits by a League inspector, who would ascertain 
the facts, deflate peevish complaints, cut through 


the excuses of the majority, and often be able to 
effect compromises before quarrels become serious 
Also a Minority Commission at the capital would 
receive periodic reports from governments with 
minorities and be able to question their officials 
Next, although the mandate system is an advance 
on previous practice, several writers advocate that 
all non-self-governing territories should be admin- 
istered directly by the League, which should under- 
take to fit them for independence and conserve 
their raw materials for the benefit of the natives 
as well as that of consumers generally and not to 
profit investors or governments Finally, there 
must be an effective machinery for the peaceful 
change of treaties and boundaries which have 
been rendered unsuitable by new conditions The 
powers of the League under Article XIX have been 
narrowly interpreted and never used Some writers 
would transfer the power to make just changes 
from the Council to the World Court, but any 
lawyer will realize the danger of trying to combine 
the judicial settlement of disputes which are suit- 
able for the application of general rules of law with 
the uncontrolled exercise of a vague sense of fair- 
ness It would he much ns if our Supreme Court 
added to its present functions the power to deter- 
mine how big an income tax the rich should pay 
m order to provide funds for the WPA 

Even if defects in the covenant are remedied by 
the establishment of an international police and 
other devices like those described, the League is 
not likely to succeed unless there be also a new 
spirit Of this I shall have something to say later 

II 

Instead of a League, it has been widely proposed 
that nations should form themselves into a Union 
The difference between these two types of interna- 
tional organization is very important In a League 
the nation is the unit Each national government 
selects its representatives for the central legislature 
and executive groups The central government is 
financed by contributions from the treasuries of 
the member nations In case of any violation of 
international agreements, coercion is exerted on 
the government of the nation which is committing 
the violation. A Union, on the other hand, makes 
every human being within it the unit The citizens 
of the member-nations elect their representatives 
to the central legislature and perhaps also vote for 
a chief executive official The central body im- 
poses taxes directly on citizens The force of the 
central body is exerted against the individuals who 
are responsible for international wrongs The cen- 
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tral government takes charge of matters of com- 
mon importance like defense against aggression, 
while the national governments confine themselves 
to the affairs of their own respective territories 
The difference between a League and a Union is, 
in a general way, like the difference between the 
Confederation of our thirteen states which fought 
the Revolution and the national government which 
was set up by our Constitution in 1789 

The leading advocate of a Union is Clarence K 
Streit His “Union Now,” a book of three hund- 
red pages, has gone through many editions, and 
societies with local offices m numerous cities to 
support his plan are active both in this country 
and m England The book first appeared m Octo- 
ber, 1988, shortly after the Munich crisis Mr 
Streit then proposed that fifteen North Atlantic 
democracies should immediately form a Union, 
which would be capable of growing into universal 
world government as other nations qualified them- 
selves for admission by establishing popular self- 
government and civil liberties Ills fifteen dem- 
ocracies were the United States, the United King- 
dom and five Dominions, Switzerland, Sweden, 
France, Belgium, the Netherlands, Denmark, Nor- 
way, and Finland Unfortunately, six nations at 
the end of this list have since become ineligible 
So, outside the United States and the British Em- 
pire, nothing is left of lus nucleus of a world gov- 
ernment except Switzerland and Sweden 

Under the Streit plan, the Union government 
would deal with five matters of common impor- 
tance — citizenship, the maintenance and use of 
defense forces, customs with international free 
trade, money, and the postal and communications 
system Other powers would bp reserved to the 
national governments, and the Union would guar- 
antee to each nation protection against enemies, 
foreign and domestic, and the maintenance of dem- 
ocratic self-government and those rights of man 
that exist in all the democracies. 

In Streit’s illustrative constitution the Union 
will have a Congress of two houses, elected by pop- 
ular vote The lower house will be roughly appor- 
tioned among the member-states according to pop- 
ulation, while each state will have two senators ex- 
cept that four would come from France, Great 
Britain, and the United States An Executive 
Board of five men will be chosen, three by popular 
vote, one by each house of Congress The judicial 
power is vested in a High Court. 

Streit argues at length that such a Union is 
superior to conceivable alternatives The old bal- 
ance of power can no longer keep peace, and neither 


can limited alliances "We get peace by putting 
so much weight surely on the side of law that the 
strongest possible lawbreaker cannot possibly off- 
set it and is bound to be overwhelmed ” He 
stresses the weakness of any League of Nations 
It cannot act m time, because as he thinks, a 
League cannot escape the unanimity rule To get 
the agreement required for action not only all the 
delegates must be persuaded, but also the govern- 
ments behind them, and in democracies this means 
that the legislatures must be persuaded too By 
contrast, a Union can act swiftly through a major- 
ity vote of those on the spot Consider the speed 
with which New Deal measures were adopted in 
the United States Furthermore, a League cannot 
enforce law because it must operate against a state 
No big state can be coerced You cannot indict a 
whole nation Even if the League succeeds, the 
condemned jieoplc is resentful What makes mat- 
ters worse, the nation which is the lawbreaker 
in one incident still sits as judge over a different 
lawbreaker Thus Italy while undergoing sanc- 
tions still took part m League hearings on Ger- 
many’s violations ol the Locarno Treaty There 
is no sheriff in a community where every man is 
equally sheriff Streit raises similar objections to 
a permanent League police force 
Objections about the difficulties of inaugurating 
the Union are met by the persuasive analogy of 
our own situation m 1787 The makers of our 
Union went straight ahead, unafraid of the future 

“Yet they lived in a time when New York was 
protecting its fuel interests by a tariff on Connecti- 
cut wood and its farmers by duties on New Jersey 
butter, when Massachusetts closed while Connecti- 
cut opened its ports to British shipping, when 
Boston was boycotting Rhode Island grain and 
Philadelphia was refusing to accept New Jersey 
money, when the money of Connecticut, Delaware 
and Virginia was sound, that of all other States 
was variously depreciated and that of Rhode Island 
and Georgia was so worthless that their govern- 
ments sought to coerce the citizens into accepting 
it In those days New York was massing troops 
on its Vermont frontier while the army of Penn- 
sylvania was committing the atrocities of the 
‘Wyoming massacre’ against settlers from Con- 
necticut ” 

Variations of this plan for a Union have been 
set forth by other writers Thus Grenville Clark, 
a leading New York lawyer and a Fellow of 
Harvard, published at the end of 1939 “A Memo- 
randum With Regard to a New Effort to Organ- 
ize Peaee and Containing a Proposal for a Fed- 
eration of Free Peoples ’’ His scheme differs from 
Streit’s in limiting the powers of the Union at 
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the start to defense only. Also he would add to 
Streit’s fifteen members Argentina, Colombia, and 
Chile The most influential English book appears 
to be W B Curry’s “The Case for Federal Union,” 
which adheres closely to Streit’s plan. This 
pamphlet of over two hundred pages was published 
m the autumn of 1939 after the outbreak of war 
Many of these proposals for international politi- 
cal organization remind me of some plans for an 
international language An American urges that 
life would be much simpler if everybody spoke 
English, while Mussolini predicts a Europe where 
Latin will once more be universally used The 
onginator ends where he starts, in his own eountry 
In the same way the draft constitutions of Streit 
and Clark, both Americans, bear a close resemb- 
lance to the Constitution of the United States On 
the other hand, an Englishman, John S Hoyland, 
has produced an interesting little book of one 
hundred pages, "The World in Union,” which 
though falling within Streit’s general scheme makes 
considerable use of English experience with admin- 
istrative bodies of experts For instance, he pro- 
poses a world economic council, composed of rep- 
resentatives of employers, employees, and citizens 
generally, which would be in charge of reconstruc- 
tion of areas devastated by war, and readjustments 
due to the introduction of free trade from which 
some regions now having a high tariff would suffer 
for a time This council would also bring oriental 
countries up to the same standard of living as 
western countries m order to prevent the latter 
from being flooded with cheap labor, and would 
seek to eliminate poverty all over the Union 
Hoyland has given us a better book than Streit’s, 
which I find very heavy going Some of the di- 
vergences are due to Hoyland’s strong religious 
feeling, which is especially prominent m the last 
chapters. Unlike Streit, he wants no sanctions 
"The peoples must want to come into the Union ” 
Also Hoyland would include the Axis Powers and 
Russia despite the undemocratic nature of their 
institutions To the objection that Union is then 
risky he replies that it is risky anyway and even 
more so if sanctions are inserted and several great 
powers are excluded from membership “You 
have to trust the future Take one step at a tune 
Do the nght thing now , and believe that as you 
do the results will be sound and attractive enough 
to quell the spirit of violence and separation be- 
fore it comes to strength” On the other hand, 
he says “There is no future for national sover- 
eignty ” It will shatter civilization 
The diminution of democracies since Streit pub- 


lished “Union Now” after Munich has led him to 
write a second book “Union Now With Britain” 
(1941), proposing that the United States should 
at once federate with the British Empire. 

Some kind of association of the English-speaking 
countries seems more probable than World Union 
or the other three schemes I am discussing 4 
China and Russia, for which Mr Streit did not 
allow, are likely to be partners too However de- 
sirable such cooperation of the victors, it is not an 
International Utopia An association to enforce the 
terms of peace upon the vanquished and nurse the 
occupied countries back to order and prosperity 
may prove necessary and do its work very well, 
but it is only a temporary receivership although 
it may last for years No four governments, 
how'ever enlightened, are wise enough to run the 
rest of the world altruistically for decades Sooner 
or later the conquered and occupied peoples will 
demand the return of self-government and a share 
in the process of world-administration If this 
demand be denied indefinitely, trouble is bound to 
arise Our Congress will get weary of paying a 
quarter of the cost of policing the world The ex- 
cluded nations will try to band together against 
the Big Four inside, and the so-called Union will 
be little more than one alliance against another 
Finally, not all the internationally-minded states- 
men live in the United States, the British Empire, 
China, and Russia Whatever the shortcomings of 
the League, it revealed suoh statesmen in France, 
Germany, Scandinavia, Latin America, and else- 
where The task of international organization will 
be very difficult, and it would be fatal to reject 
the help of the best men wherever they live 

Therefore, an association of victors should be re- 
garded as only a transition to something wider, 
and the problem still remains — what shall this 
something else do 7 Even if the four principal 
Allied Nations now form a Union like Mr Streit’s, 
this cannot be forced down the throats of other 
countnes when they do revive When general par- 
ticipation becomes practicable, it will not succeed 
unless the scheme is reasonably satisfactory to the 
new members as well as the old Everything must 
then be reconsidered The result may be an ex- 
pansion of the arrangement among the victors, 
whether Union or something looser, it may be a 
strengthened League of Nations; it may be one of 
the two schemes still to be described 

III 

The difficulties of world federation have led 
some writers to substitute a more modest scheme 
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for federation in Europe alone. An interesting 
book of this type is “The United States of Europe,” 
by Alfred Bingham, who is an American and edits 
the magazine “Common Sense ” His book was 
published in 1940 before the fall of France 
Bingham favors a Union resembling Streit’s, but 
with smaller powers over a smaller area He 
believes it best to use what we have whenever 
possible, rather than attempt to build a completely 
new and more logically perfect structure He 
would omit the United States because we arc less 
prepared to surrender our national sovereignty 
than are European countries, the Soviet Union, 
because it covers two continents and has different 
institutions, and the Far East, because it has its 
own problems “Federations have grown up where 
there were some fairly obvious common interests 
and the possibility of a common loyalty.” Europe 
meets these tests The idea of European unity, 
though subconscious, has always existed in the 
European heritage There is the common back- 
ground of Greek thought, Roman Law, Christianity, 
the use of Latin, even the same habits and clothes 
Unity was approximated by the French Revolution 
and Napoleon The idea has lately been popu- 
larized by Count Coudenhove-Kalergi, Rathenau, 
and Bnand, who was partly moved by the de- 
sire to confront American prosperity with a strong 
Europe. Plans for a customs union have been 
brought forward European workmen have been 
joined together by a single song, the Internationale 
Bingham stresses the long establishment of numer- 
ous international bodies for mail, telegraphs, health, 
the navigation of the Danube, copyright, electric 
power, agriculture, banking, and the regulation of 
maritime affairs like lighthouses and buoys These 
bodies have been called bricks without mortar 
They need something vital to draw them together 
Also Europe has had a considerable experience in 
the theory and practice of federalism in Switzer- 
land, Germany, and the British Commonwealth, 
besides Russia which he would exclude 

Bingham’s Union is looser than Streit’s He 
would not speak of secession one way or the other. 
He would not require the internal government of 
member states to be uniformly democratic India 
shows the possibility of diverse institutions within 
a federation Instead, he would meet persecution 
by allowing the victims to emigrate freely and 
take their property with them. Then he would 
wait for the dictatorships to alter, believing that 
the federal structure of Europe as a whole will en- 
courage local democracies Unlike most post-war 
plans, this book does not emphasize disarmament. 


Bingham believes that armaments are a superficial 
symptom of deeper disorders Peace within the 
United States of America, he says, is not due either 
to the national army or to abolition of state 
militias. He would like to forget the term “inter- 
national police force ” Coercion of a state or its 
inhabitants is war The only genuine protection 
against civil war inside the federation is good 
government Although he would meet external ag- 
gression with an international army which should 
have the monopoly of offensive weapons, some- 
what in accordance with the plan of Lord Davies, 
Bingham believes that the real answer to competi- 
tive armaments is the maintenance of high stand- 
ards of government which will rapidly demonstrate 
the advantages of European union War will be 
abolished when government has replaced anarchy 
m areas now left to the arbitrament of force 

As to boundaries, Bingham says that ideally 
Europe, at least west of the Vistula, should be a 
single economic area with complete freedom of 
movement for men and materials, having merely 
those administrative subdivisions that prove con- 
venient It is not practicable to go that far now 
However, one practicable and valid principle for 
political boundaries is to make them mpan as little 
ns possible This is better than attempting to re- 
draw political boundaries “New boundaries raise 
as many problems as they settle The less tinker- 
ing with boundaries the better ” One way to 
makes boundaries mean less is to have different 
boundaries for different purposes as in our country, 
where the federal reserve districts are not co- 
extensive with a state or with other kinds of fed- 
eral regions In the same way European politi- 
cal boundaries need not coincide with cultural 
boundaries for the language used in schools, etc , or 
with economic boundaries set up for labor regu- 
lations, nver traffic, or the efficient industrial ad- 
ministration of a coal and iron area The desire 
for cultural autonomy, which has been so trouble- 
some m the past, can be better satisfied m a fed- 
eration than with independent nations on a military 
basis For example, Alsace might then develop 
in its own way without being suppressed by either 
France or Germany 

The central government would maintain the 
army (for defense and not as a police force) and 
a navy. It would carry on foreign relations though 
national diplomacy would continue. It would have 
power to tax individuals, protect minorities, and 
hold a plebiscite in any region on the question 
whether it should become partly or wholly 
autonomous. 
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Sub-federations would be possible, for instance 
m Scandinavia or the Balkans This would be like 
the New England Conference of Governors In- 
deed, European federation may, Bingham thinks, 
be preceded by several attempts at partial federa- 
tion, already illustrated by the close association of 
England and France during the first months of 
the war 

Colonies outside Europe seriously complicate 
any plans for European federation It is too 
simple to throw them all into a single melting pot 
You could not include the Dominions, India, or 
Algeria However, colonies arc less important 
than the “have not” countries think Instead of 
pooling or redistributing non-self-govermng colo- 
nies, Bingham would give the Union considerable 
power over colonial administration The greatest, 
need is that the resources of a colony should benefit 
its inhabitants lie compares a colony to the 
zinc and lead region m the Ozarks, which en- 
riches outside investors and leaves the natives poor 
and unhealthy International agencies should lie 
set up to regulate investments and the conserva- 
tion of scarce resources, and this should lie done for 
the benefit of the inhabitants, consumers all over the 
world, workers, investors, governments, and future 
generations The mandate principle w sound when 
really applied, but he thinks the European Union 
would carry out this principle better than the 
League 

The United States of Europe would exist within 
the League of Nations There might also be other 
international organizations like the Pan-Amenean 
Union, the British Commonwealth, the Soviet 
Union, an association of Far Eastern nations, and 
perhaps one of the desert peoples of North Africa 
and the Near East These regional unions m 
Europe and elsewhere may prose only a brief 
interlude before world federation 

In conclusion, Bingham warns us that perfection 
is not just around the corner any more than pros- 
perity. Our own Constitution succeeded only 
through compromises, political deals, and the acci- 
dents of personality 

A somewhat different plan for European Federa- 
tion is proposed by Arnold Brecht, a professor at 
the New School for Social Research, m a stimulat- 
ing article in the Harvard Law Review for Febru- 
ary, 1942. B Mr Brecht, being a German, escapes 
from the usual analogy of our Constitution. In- 
stead, he denves several interesting suggestions from 
the German Confederation of 1815-1866, which, 
as he observes, worked better than the League 
of Nations. “It soon resulted in sweeping elimina- 


tions of tariff barriers and it succeeded in preserv- 
ing peace for about fifty years Its end was not 
anarchy, but a more perfect union, plus an alli- 
ance." This article suggests the reflection that we 
need a cooperative endeavor to frame a plan for 
international organization In a group of experi- 
enced men from different nations, each would be 
able to contribute fruitful ideas from his own 
governmental system The resulting combination 
would bo more likely to win acceptance from many 
countries than would a plan shaped largely by the 
political institutions of the United States or any 
other single nation. 

IV 

The last tiook to be considered at length is very 
hostile to the views of the other three books. It 
is “Federal Illusion?” by D M. Pritt, a prominent 
English barrister and a Labor member of Parlia- 
ment This was published in 1940, apparently 
before the fall of France It advocates a Socialist 
Union like that in Russia 

The chief position taken here is that war cannot 
be ended by proposals which leave our mam eco- 
nomic structure untouched The causes of war are 
economic, as socialists said long ago, and only 
socialism will insure peace War is due to the 
effort to get into closed markets and obtain new 
fields for investment and new sources for raw 
materials However, war is impossible between 
socialist states They cannot quarrel over exports 
There are no private interests, and the socialist 
system of producing what the people need and 
enabling them to buy it, eliminates the whole ele- 
ment of scarcity of markets Your country is 
vour own market You produce all you can con- 
sume, and consume all you produce Nobody 
fights over water when there is no drought In- 
ternational trade m a commodity then becomes 
just a question of convenience, it, does not make 
the rich profit or the poor starve There is no 
quarrel over the exploitation of colonial races, when 
there are no colonics, no exploitations, no private 
capital 

Because war is inherent in the nature of modern 
industrial states and the men who hold power in 
these, all previous schemes for peace have failed 
Arbitration, formerly regarded as a panacea, does 
not affect the deeply-rooted conflicts of interest 
between rival states. The League of Nations failed 
because it was always designed to be an instrument 
for securing the protection of the imperialist and 
economic system of the major powers If these 
interests prevented the League from fulfilling its 
limited functions, they would a fortiori prevent 
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any wider federal union from operating under the 
present economic system So Pritt’s argument 

The requisites of a successful federation are then 
analyzed with considerable shrewdneRR Not every 
group of states will be willing or able to federate 
effectively or even ineffectively Dicey laid down 
two conditions for federation (1) A body of 
countries like the Swiss cantons, the American 
colonies or the Canadian provinces so closely 
connected by locality, history, race, or the like, 
as to be capable of bearing an impress of com- 
mon nationality m the eyes of their inhabitants 
(2) The existence of a very peculiar state of senti- 
ment among the inhabitants of the member coun- 
tries — a desire for union and not for unitv Then* 
is no basis for federalism if there is no desire to 
unite For example, the scheme in Cromwell’s 
time for uniting England and the Netherlands 
was one of those dreams which may haunt the 
imagination of politicians but can nevef be trans- 
formed into facts On the other hand, a desire for 
unity will lead to a single nation rather than 
federalism Dicev adds that the distribution of 
the different powers of government lietween the 
central body and the member states, which federal- 
ism necessitates, requires courts to possess author- 
ity to act as interpreters of the Constitution 
Federalism substitutes litigation for legislation 
Hence it can flourish only among communities im- 
bued with the legal spirit and a reverence for law 
Furthermore, each federation has grown up under 
historical conditions peculiar to itself and its own 
reasons for existence The United States grew 
out of common aims in a revolutionary war and 
a rising capitalist economy which demanded for 
its proper functioning a national market There 
was no probability that competitors would ami- 
cably federate with it Even the extension of 
American sway over our present area was not 
idyllic, for the Indians were exterminated, new 
territories were acquired by war with Mexico, and 
a great Civil War occurred 

The federal union advocated by Streit and others 
fails in Pritt’s opinion to satisfy the requirements 
laid down by Dicey The great powers have no 
real desire to surrender any part of their sover- 
eignty in the political, financial or industrial field 
They want to hold on to every fragment of power 
they possess Even if disputes were settled by 
the executive or the legislature, it would be hard 
to get acceptance There is even less chance that 
the decisions of courts would be accepted, and such 
acceptance is essential in federalism. 


There is no force to the argument that tariffs 
and other barriers to commerce can be abolished 
by the establishment of a federal state They are 
really weapons of the economic warfare between 
the ruling groups in a modern industrial state 
The powerful interests which depend on these re- 
strictions for their prosperity, for example, in the 
United States, will not consent at the behest of 
the federal state to lay their industry bare to 
foreign competition Differences in labor costs 
alone show the impossibility of this Pritt reminds 
us of the difficulties caused by the color bars at 
Versailles, although it is not quite clear just, why 
he blames this on the rich 

The plan for the federal legislature rests, Pritt 
thinks, on two false* assumptions (1) That elec- 
tions can be taken at their face value without 
investigating the conditions under which they are 
carried on It is notorious that many ostensibly 
democratic elections are fictitious and dishonest 
Wealth controls The results would be even more 
warped in dictatorships and undeveloped coun- 
tries The ruling interests of different nations 
would merely carry their fatal rivalries into the 
new legislature (2) It is assumed that all states m 
the federation are equal This completely ignores 
the distinction between great powers, small powers, 
and client states under the influence of the great 
powers 

Then comes a sharp thrust Streit’s proposed 
Union is not really a world union, but limited to 
fifteen states It is the preliminary syndicate and 
not the ojieratmg company Many states are 
still left outside to fight, It excludes China, the 
East Indies, and Russia, which make up half the 
human race Indeed, if we disregard small states 
and client states, the so-called world union com- 
prises only Great Britain, the United States, and 
France It is just like the proposed abortive al- 
liance of 1918 and merely revives the Versailles 
grouping in place of the Four-Power Pact at 
Munich The omission of Russia is extraordinary 
because it is the biggest example of a federated 
union, the most modern and the most thorough- 
going Yet its constitution is wholly ignored as 
a model It is more democratic than France 
where women cannot vote, or South Africa where 
the majority of adults cannot vote, or the United 
States where Negroes have been practically dis- 
qualified It treats the Jews better than do other 
countries Russia is a democracy where people 
manage affairs in industry as well as m strict 
politics So Pritt reprints the Soviet Constitution 
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in his book as an illustrative substitute for Streit’s 
revamped American constitution. 

Russia proves that a federation of socialist re- 
publics is easy, whereas a federation of capitalist 
countries would at most amount to a Holy Alliance 
of a few powers and their satellite states Some 
republics came into the Russian federation on their 
own initiative, but the capitalist states within the 
former Russian area showed no disposition to enter 
and would not have been welcomed A socialist 
country is unified while a capitalist country is split 
into hostile sections Colonial problems are not 
met by Streit's union, for it omits India and puts 
other dependencies under control So likewise, 
the United States of Europe is bound to turn into 
a joint plan for the plunder of the colonies But 
in a socialist federation colonies become people 
with equal rights 

If the Union be made broad enough to include 
Russia and other omitted countries, states which 
are so different cannot achieve Dicey’s requisite of 
a feeling m favor of uniting, either for sentiment or 
for industrial and commercial interests It would 
be impossible to federate effectively without elim- 
inating conflicts between wealthy groups, and only 
socialism permits this Consider the difficulties of 
an attempt to allocate markets for cotton goods 
between manufacturers in Great Britain and Japan 
The old conflicts of interest will remain m the 
member nations winch are not socialistic, such as 
restricting production to keep up prices, oil and 
wheat, desire for expansion, unemployment, wealth, 
and poverty. Union is a smoke-screen for the re- 
actionary war aims of British and French ruling 
classes 

It is true that a real federation greatly reduces 
the danger of war This is not because the states 
are federated, but because the very connections 
between them which led them to f ("derate also 
reduce quarrels and frictions to small proportions 
Federation and friendship are not cause and effect, 
but effects of the same causes The attempted 
federation of groups of states with no real inclina- 
tion toward union contains no genuine peace- 
making qualities It will solve none of the real 
problems 

However, socialism removes the real causes of 
war Countries which have abolished capitalism 
then have a strong common interest and a free- 
dom from conflicts which facilitate union, as in 
Russia The USSR, Pritt concludes, must be 
our model. 

This completes my survey of four post-war 
schemes One more book is worth mentioning, al- 


though it proposes no scheme This is a pamph- 
let issued by the Carnegie Endowment for Inter- 
national Peace, entitled “Preliminary Report and 
Monographs of the Commission to Study the Or- 
ganization of Peace ” It appears as International 
Conciliation No, 369, for April, 1941 This is 
written by many different experts Each gives a 
brief but meaty account of some difficult problem 
of international organization I have found this 
the most helpful of all thp books I have consulted. 

Conclusions 

A few remarks of my own may be ventured 
about these four schemes I find it, easiest to start 
with Mr Pritt and work backwards 

The plan for a Union open only to socialist 
states seems to me the least promising of all the 
schemes To begin with, the U S S R is the only 
nation now able to pass the adnussions-tcst, so that 
great internal changes must take place in Great 
Britain, Canada, the United States, China, France, 
and several other countries before the new world 
federation can he formed Even a European fed- 
eration must be put off until the same drastic 
process has taken place on a smaller scale All 
this offers a gloomy prospect for peace during our 
lives or our children’s lives The establishment 
of socialism in Russia was accompanied by a long 
civil war and followed bv a good deal more blood- 
shed for political and economic reasons If, as 
Mr Pritt contends, there arc no conflicting inter- 
ests inside a socialist state, this harmony muv not 
be due to the inherent capacity of such a regime 
to produce a persuasive unification of human de- 
sires, but merely to the elimination of everybody 
who ventures to disagree with the people in power 
Similar civil wars and purges may very well occur 
in the United States and the countries of western 
Europe before they are fit to form an international 
socialist Union As I am one of those who would 
doubtless be liquidated, it takes more self-sacrifice 
than I possess to view with equanimity this cheer- 
ful sequel to World War II Even if dissentients 
are allowed to emigrate or slip away, thev will 
have to live somewhere, and they will tend to in- 
crease opposition to the federation wherever they 
go When the longed-for second Armistice has at 
last arrived, will there be no practicable road to 
world peace except through a long senes of violent 
revolutions, mass exiles, and massacres? 

Of course, it is possible that the present war will 
produce such extensive expropriation of pnvate 
property that every state will be virtually social- 
istic when it ends Then the nations may be able 
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to slide into a socialist Union without any pre- 
liminary turmoil Even so, it is rash to assume 
that socialism will automatically end war Mr 
Pntt argues that the inhabitants of a socialist state 
will not bo aggressive because their government 
will produce all they need This seems inconsistent 
with the occurrence of several great famines in 
Russia Political and economic equality will not 
produce world-wide geographic equality Even 
without rich men, there will be rich lands The 
inhabitants of a fertile region may decline to stmt 
themselves drastically in order to feed a famine- 
stricken state, and so the underfed people may 
surge outward into the golden wheatfields and 
green pastures of neighboring states 

“The mountain sheep are sweeter, 

Rut the \ alley sheep are fatter, 

We therefore deemed it mcetoi 
To carry off the latter” 

Even if jour government gives you all \ou want 
now, this does not prevent you from wanting still 
more and perhaps persuading your government 
to find it beyond the frontiers The disappearance 
of capitalism will remove some of the present 
causes of war, but others will still remain In the 
present combat between Germany and Russia, 
both sides call themselves socialists, and certainly 
there is very little opportunity for private profits 
in either country Future wars may result from 
conflicts of interest between different races or re- 
gions, between rice-eaters and meat-eaters, between 
clever people and plodders 

In order to adjust such conflicts peaceably, wc 
shall need a more complex scheme than the con- 
stitution of the USSR In spite of Mr Pntt ’a 
praise, this does not offer a close parallel to a 
federation of Europe or the world One of its 
member-states, Russia, contains three quarters of 
the area of the USSR and two-thirds of the 
population Under such conditions, one partner 
is likely to be predominant and the rest satellites 
Even if sueh a system has worked satisfactorily 
within the Soviet Union, this tells us very little 
about the probable success of a greatly expanded 
socialist federation with several approximately 
equal large members So if we proposed to set up 
an organization including, say, Great Bntam, the 
Dominions, the United States, Germany, the 
USSR, China, and Japan, then even though 
they have all become socialistic states, still we 
shall have to draw on schemes like those of Lord 
Davies, Streit, and Bingham, in order to deter- 
mine the best form of organization. 

Our next question is, should the world unite in 


some way or other, or only Europe? It is sig- 
nificant that Mr Pntt’s telling objections to a 
proposal of federalism for the world are much 
weakened when applied to Europe Here is a 
body of countries which have belonged for centuries 
to an intellectual and spiritual confederation, which 
form an economic unit, whose boundaries have 
lately become less important There is sufficient 
likeness and pressure in this crisis to foster a de- 
sire for union, sufficient divergence in language and 
traditions to make them stop short of complete 
unity A respect for law is strong in western 
Europe at least, and even the Balkans are probably 
not more lawless than our frontier states a cen- 
tury ago 

On the other hand, a union ot Europe alone 
presents serious perplexities Great Britain seems 
an essential member, but what arc you going to 
do with the British Empire ? If you bring in 
Russia, half of Asia comes in too, but her omission 
leaves her a potential disputer with definite inter- 
ests in the Baltic and the Balkans Non-European 
dependencies ought to he run by a world organ- 
ization, not just European, if they are to be ad- 
ministered for their natives and their raw ma- 
terials handled for the benefit of consumers every- 
where 

In short, a European union seems feasible, and 
it will be desirable if it tie subsidiary to some sort 
of world organization 

Finally, league or Union ? Here I feel still more 
cautious, but I shall throw out a few ideas for 
what they are worth I began my reading with a 
strong feeling that the League had hopelessly 
failed, and that Grenville Clark’s plan of Union, 
which I already knew, was a better way out The 
more I have read, the more I have found myself 
swinging toward something based on the League 
With all its timidities (which Congress can often 
imitate) and its defects, the record of unspectacu- 
lar achievement is much more impressive than I 
realtzed The so-called technical services, m par- 
ticular — health, labor, etc — must not be aban- 
doned Perhaps they could be merely transferred 
to Mr Streit’s Union, but there is more to it 
than that 

In the first place, it is not fair to balance against 
a League with bad failures a Union with no fail- 
ures The Umon never existed We do not know 
what it would do My guess is that Mr Streit’s 
Congress might have hesitated about sanctions 
against Italy in 1935 as much as the Council did, 
and applied them no better if it lacked an inter- 
national police. I also surmise that the elected 
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representatives from Italy or Germany in a Con- 
gress would have been alter egos of Mussolini and 
Hitler as much as their appointed delegates to 
Council or Assembly A dictator can control elec- 
tions easily, at least if there is no effective federal 
supervision, and would that have been hkely? 

Next, the League is a going concern, or at worst 
was such until Munich You have something to 
start from You know its weak points so as to 
remedy them Its strong points have been oper- 
ating for two decades At least, we should be 
rather slow to junk it for something entirely new 
The parallel with our own Confederation and 
Union is tempting, but is it sound? American 
conditions were far more favorable to Union than 
are world conditions Large areas lie outside a 
common tradition, and others have not developed 
a respect for law as we know it A looser form of 
association may he appropriate, at least for some 
decades 

The failures of the League are not necessarily 
due to its structure Causes hampered it which 
may not be repeated There was its entanglement 
with a dictated peace — this time we may negotiate, 
especially if the dictators are previously replaced 
by democratic governments The strains in the 
early y cars were terrific Would the United States 
have survived if the Dred Scott case, secession, the 
recent depression, and several state dictators like 
Huey Long had all come within two decades after 
1789? The League had to go through all that 
Our Union had sixty years to become rooted be- 
fore the first great strain of 1850 Finally, the 
League may not have worked because its members 
did not want very much to make it work Rap- 
pard in his “Quest of Peace” (March 1, 1940) 
writes . 

“The nations which had been at war with each 
other had nev er concluded a real peace m that 
they had never suet ceded in icgaining ea(h other’s 
(onfidence Those who had won the World 
War and settled the terms of peace were unwilling 
to prolong those efforts and to exert their influence 
to insuie the maintenance of those terms 
The present plight of Europe is due less to the ex- 
cessive ambitions of the men of 1919 than to the 
excessive debility of their successors ” 

It seems possible then that we shall be wise to 
begin with what we have, the League of Nations 
It will be wise to use its experience of twenty 
years with legislative sessions, executive sessions, 
a judicial tribunal, and numerous administrative 
bodies of high quality Knowing what were the 
mistakes of the League, we have some ideas what 
to avoid This may require drastic changes m 


the Covenant, and very likely some of these 
changes may approximate ideas suggested by 
Streit's Union and other schemes For example, 
the League finances would be on a sounder basis 
if the contributions from member states were sup- 
plemented by some kind of League tax This 
might conceivably be levied on all international 
movements of goods, money, and persons 
Getting away from details to a broad outlook on 
the problem of post-war international organiza- 
tion, the previous discussion suggests two points 
for the future 

In the first place, it is very important to avoid 
strains during the early years ot the new inter- 
national body Whatever our impulses, there will 
be no time for vengeance The world after the 
armistice will resemble a town which has to re- 
build itself after a flood The incompetents must 
be removed, but any other sort of punishment 
will be a luxuiy which wc cannot afford There 
will be too much else to do The lesson of our 
own Reconstruction Period and Europe since 
November 11, 1918, is, then when a war is over, 
it ought to be over Bnand’s words “Pour nous, 
e'est fini ” ought to be spoken on the day of the 
armistice and not eight years afterwards What 
I mean can best be illustrated by a letter from 
an English girl who has lived for two years in 
constant danger from air-raids It was written on 
December 14, 1941. 

“Last night I heard on the wireless an excellent 
‘Ameuean Commentary’ by Raymond Gram Swing, 
which traced the coutsc of American public opinion 
during this fiist week He described the U S as 
a nation at. first staggered with rage and shame 
hut tpuckly recovering and now steadily dctci- 
linned But there is, I think, yet another quality 
of nund in addition to courage and lesolution and 
self-sacrifice that is even harder to acquire and 
muintam, but which is essential if the war and the 
peace are to be won This is a certain gentleness — 
the negation of spite oi anger or antipathy to the 
German people I don’t know how to describe it 
It is well shown tn Arse hylus’ play ‘The Persians ’ 
written to celebrate the brilliant victory of dem- 
ocratic Greece over the great totalitarian Persian 
empire It contains no noisy self-congratulation 
or boasting pnde, but depicts the sorrow of the 
relatives of the Persian dead. To be dignified in 
victory is v ery hard How I hope that both Britain 
and the United States will maintain till the end of 
the war the quiet, sanity of Athens after Salamis. 
the reasoned strength and belief in the future ” 
Another way to avoid strains is the immediate 
freeing of economic life after the armistice, so as 
to produce on both sides a feeling of great relief 
that the war is ended This time there must be 
no food blockade. 
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Also, there must be no raids, like those on Vilna 
and Fiume No matter what the costs, those in 
charge of the peace must make everybody realize 
that fighting has got to stop Perhaps frictions 
could be reduced by establishing a temporary 
status quo, say for twenty-five years, with a 
definite method for later adjustments 

Strains can be reduced by the restoration of 
normal life through rapid reconstruction on a 
great scale International understanding might be 
increased if this were carried out cooperatively 
For example, suppose some German workmen 
came over to help in England and vice versa 
Each visiting group would soon realize that people 
very much like themselves had suffered in a com- 
mon disaster Who will pay for this vast work of 
reconstruction’ The answer is simple, though per- 
haps unpalatable Who pays for the war 7 For 
the most part, we do I suspect that we must also 
bear a heavy share of the expense of reconstruc- 
tion in order to avoid an infinitely greater outlay 
in preparation against a Third World War 
Secondly, no scheme is enough The spirit is 
even more essential Years ago Andre Siegfried 
remarked to me that the League of Nations lacked 
“Geist ” It had no personality To the ordinary 
man it was just a distant piece of machinery in 
Geneva One strong reason for the success of the 
United States in the early years was that the 
nation was immediately brought before the eyes 
of every citizen through flags over post-offices, 
federal judges and officials in every state, naval 
vessels in harbors, and the government stamp on 
coins In some such way, the new international 
body must become a reality for the common man 
everywhere It would be very helpful if the League 
could fly its flag widely and take over a consider- 
able number of everyday things like postage 
stamps and coinage The League symbol should 
be put on all the great public works built during 
reconstruction Its officials and benefits should 


be made generally visible Recreation is an ex- 
cellent way to make the League a drawing force 
It might take over all youth hostels, which formed 
one of our most hopeful international organiza- 
tions before the war It might arrange interna- 
tional excursions at public expense, taking a leaf 
from the book of the Nazis and using these ex- 
cursions for mutual understanding instead of na- 
tionalistic pride 

The spirit is all important The new inter- 
national organization requires a desire to make it 
work as well as a desire to start it In this re- 
spect practically all the books I have read are at 
fault They possess little emotional appeal They 
lack the quality which shone so clearly in the 
speeches of Woodrow Wilson We must make 
people everywhere want to join a world organ- 
ization 

Some such organization must come into exist- 
ence, for the alternative of perpetual defense and 
repeated total warfare is hideous Still wc must 
not minimize the difficulties When the local con- 
tractor in the little Mainp village where we go for 
the summer engages workmen from the next vil- 
lage, there is an outciy against the employment of 
"foreigners ” This illustrates the frictions which 
must be overcome between inhabitants of different 
countries and different parts of the world There 
is no simple solution We must be patient and 
remember that cathedrals are rarely built by a 
single generation We must know much — wo must 
hope much 

* Matthew Arnold, introduction to Poems oj Words- 
woith (Golden Treasury edition) vu (1879) 

8 This account of China is based on Owen Latti- 
moro, Inner Asian Frontlets of China, 339-406, 419- 
425, 444-447 (1940) 

•Joint Resolution of June 25. 1910, 36 Stat 885 

•See Carl Becker, "Making Democraiy Safe in the 
World ” 31 Yale Review 433 (1942) 
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Dr. Tillyard’s sudden death in 1938 left unfinished 
his account of the Permian insects from the Elmo 
limestone in the Peabody Museum at Yale Uni- 
versity The unstudied specimens m that collection, 
mostly belonging to the Protorthoptera and related 
groups, have recently been turned over to me by 
the authonties of the Peabody Museum for identifi- 
cation and description The present paper deals 
with the Caloneurodea contained m both the Yale 
and Harvard Collections, and with the Neuroptera, 
Raphidiodea, and part of the Protorthoptera (family 
Probnisidae) in the Harvard collection, the Yale 
specimens of these groups having already been de- 
scribed by Tillyard I have also included here an 
account of some Protodonata and Mcgasecoptera m 
the Harvard collection which were not considered in 
my earlier papers on these orders 

Additional PROTODONATA 

Since the publication of my previous account of 
the Protodonata from the Elmo limestone (1939), 
Professor R C Smith, of Kansas State College, has 
sent me a magnificently preserved bind wing of 
Megatypus schucherh Tillyard (family Meganeu- 
ridae). It was collected by two entomological 
students m the College, Mr Otto Wenger and Mr. 
Floyd Holmes; the reverse of the fossil is in the 
Kansas State College entomological collection and 
the obverse in the Museum of Comparative Zoology 

Apart from doubtful fragments, M schucherh has 
previously been known only from the holotype, a 
hind wing lacking the distal fourth of the wing and 
some details of venation (Tillyard, 1925) The new 
specimen is an absolutely complete hind wing, 
showing with perfect clarity all veins (Plate 1, 
figure 1). It is not only interesting as the largest 
entire wing yet found m the Permian, but it is also 
important because it enables us to complete our 
knowledge of the venation of this huge insect The 

* This investigation haa been aided by a grant from 
the Permanent Science Fund of the American Academy 
of Arts and Sciences 


Presented October 0, 1941 

new wing is 195 mm long and 40 mm wide (maxi- 
mum). Tlus indicates that the total wing expanse 
was about 41 cm or 16 inches The holotype speci- 
men, which was not quite complete, measured 165 
ram m length 1 

Tillyard’s restoration of the wing of schucherh 
(1925, fig 5) is now seen to be incorrect m two re- 
spects First, the wing is more slender apically than 
he assumed it to be, and second, the subcosta ends 
well before the apex of the wing, instead of at the 
apex, as lie Iihs drawn it His figure of the actual 
type specimen is incorrect in that it has R4 + 5 
(termed R3 in his paper) arising in the distal half of 
the wing, well beyond the level of the first fork of 
MA. Actually, R4 -f 5 arises (m both the holotype 
and the new specimen) slightly before the middle of 
the wing, and directly above the fork of MA In all 
except individual details the new wing has the same 
venation as the holotype 

One of the most interesting aspects of the new 
fossil is the presence of an oblique vein at the point 
of separation of R2 from R3 This is obviously the 
homologue of the vein (subnodus) described by 
Sellards in Typus pirmian us (1906, p 253, figs 4, 5) 
As I have already stated (1939, p 38) such a vein 
has not previously been discernible in any Proto- 
donata ( Megatypus or Typus) in the Yale or Har- 
vard collections from Elmo It should be noted 
that there is no indication of the oblique vein “o” 
described by Sellards in Typus The obliquity of 
this vein is almost certainly an individual trait 

Additional MEGASECOPTERA 

The extinct order Megasecoptera is not uncom- 
monly represented in certain Carboniferous strata 
of Europe, but until comparatively recently it has 
not been found in Permian rocks The insects which 
Tillyard originally described from the Elmo lime- 
stone as members of a new order, Protohymenoptera, 

1 The width of the holotype wing was given by Till- 
yard as 94 mm , but this is an error; it should have 
been 3® mm 
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are now generally recognized as close relatives of the 
Megasecoptera and as constituting merely a sub- 
order of the Megasecoptera. In his last discussion 
of the affinities of the Protohymenoptera, Tillyard 
(1936) expressed agreement with this view, though 
claiming it to be a matter of personal choice whether 
the group be regarded as a suborder or an order. 
The Protohymenoptera from the Elmo limestone 
contained in the Harvard collection have already 
been described (Carpenter, 1931a, 1931b, 1933, 
1939). 

Apart from the Protohymenoptera, the order 
Megasecoptera is represented in the limestone by 
several species which are more closely related to the 
Eumegasecoptera 1 than to the Protohymenoptera. 
One of these, Elmoa trisecta Tillyard, was recognized 
by Tillyard as a Megasecopteron and placed by him 
in a new family, Elmoidae. Two other species which 
he described from the formation ( Martynoma insig- 
nia and Martynoviella protohymenoides) are, in my 
opinion, also Megasecoptera, though they were con- 
sidered by him to be Neuroptera, belonging to the 
suborder Sialoidea (Megaloptera). Unfortunately, 
not only was each of these three species based upon 
a single wing, but the type of Elmoa tnsecta con- 
sisted of a basal fragment of a wing Had these 
specimens been more nearly complete, Tillyard 
would undoubtedly have recognized the very close 
relationship between Elmoa, which he placed in the 
Megasecoptera, and the Martynoviidae, which he 
assigned to the Neuroptera. The evidence for my 
conclusion on the affinities of these fossils is derived 
from a study of the specimens in the Harvard col- 
lection and will be considered below, after a descrip- 
tion of the insects. 

Suborder Eumeoasecoptkha 
Family Elmoidae 

Wings subequal; membrane glassy. Fore wing. 
Sc terminating before or at mid-wing; costal veinlets 
few and weakly developed; Rs arising before mid- 
wing; M coalesced proximally with R, MA and MP 
present; MA not coalesced with Rs or Rl; CuA 
coalesced proximally with stem R + M; two anals 
present, pterostigma apparently absent. Hind 
wing: narrow basally, but broader near the middle 
than the fore wing; So closer to R than in fore 
wing; rest of venation as in fore wing. Almost 
nothing t is known of the body structure. 

At present the family consists of one genus. 

* The order Megasecoptera includes the two sub- 
orders Eumegasecoptera and Protohymenoptera (Car- 
penter, 1933). 


Genus Elmoa Tillyard 

Elmoa Tillyard, 1937, Amer. Joum. Sci. S3: 82. 

Fore wing: long and moderately slender; costal 
space of moderate width, Sc terminating on Rl 
before mid-wing; Rl unbranched; pterostigma absent 
or at most very weakly formed; Rs with at least 
three terminal branches; R, M and CuA separating 
at the same point; MA probably unbranched; MA 
joined to Rs by a weak cross-vein shortly after the 
origin of the latter; MP forked; CuA unbranched; 
cross-vemB few and weakly developed Hind wing: 
similar to the fore wing in venation, except for dif- 
ferences noted under the account of the family. 

Genotype Elmoa tnsecta Till. 

Elmoa trisecta Tillyard 
Figure 1 

Elmoa trisecta Tillyard, 1937, Amer Joum Sci. 

38:84. 

Fore wing, length, 12 mm , width, 3 2 mm ; 3 or 4 
strong costal veinlets at base, above stem R+M, 
and 1-3 weaker ones more distal along Sc; a few 
oblique veinlets between Rl and costal margin, 
especially distally, Sc terminating beyond origin of 
Rs, stem R + M arched; R4 + 5 long, arising before 
mid-point of Rs, R2 and R3 at most half as long as 
R4 + 5, MA arising proximally to origin of Rs, MP 
forked to about half its length, CuP not forked, but 
connected to hind margin by a long cross-vein; 1A 
remote from hind margin, connected to it by at 
least one cross-vein, 2A very short. 

Hind wing, length, 12 mm., width, 4 mm , more 
nearly oval than the fore wing; costal space as wide 
as in fore wing, with similar veinlets, Sc not quite so 
long as in fore wing and nearer R+M than in fore 
wing. 

The body structure is preserved in one specimen 
(No. 4591ab); this shows only the thorax, part of 
the head, and a small piece of the abdomen. The 
head is small (1 5 mm. long) and broad, and appar- 
ently has prominent eyes. 

Holotype: No. 15591ab, Peabody Museum, Yale 
University. This consists of the basal third of a 
hind wing, not a fore wing, as stated by Tillyard. 

In the Harvard collection there are eight speci- 
mens of tnsecta, of which six are from the upper 
layer of the limestone: no. 4591ab, a complete insect, 
showing both pairs of wingB; the fore wings overlap 
part of the hind pair, but the two pairs are readily 
distinguished. No. 4606ab, a very nearly complete 
fore wing, well preserved; no. 4595ab, 4607ab, each 
consisting of the proximal third of a fore wing; no 
4590ab, a complete and excellently preserved hind 



THE LOWER PERMIAN INSECTS OF KANSAS. PART 9 


57 




Figure 1, Elmoa tnsecla Till. A, fore wing: drawing based mainly on specimen no 4604, Mus. Comp Zool. 
B, hind wing; drawing based chiefly on specimen no. 4500, Mus Comp Zool. Sc, subcosta (concave); Rl, radius 
(convex); Rs, radial sector (concave); MA, anterior media (convex); MP, posterior media (concave); CuA, 
anterior cubitus (convex); CuP, posterior cubitus (concave); 1A, 2A, anal veins 


wing, and nos. 4592ab, 4593, 4694ab, all hind wings, 
more or less complete These specimens were col- 
lected by F M. Carpenter at the Harvard quarries 
at Elmo 

Tillyard’s figure of the base of the hind wing of 
this species (1937, fig 1) is incorrect in two impor- 
tant respects The subcosta terminates on Rl just 
beyond the origin of Rs, instead of continuing for a 
considerable distance beyond this point, as he has 
drawn it. The wings of nearly all specimens of 
tnsecta are wrinkled (as in the Protohymenoptera of 
the Elmo limestone) and apparently one of these 
wrinkles was confused by him with the end of Sc. 
He has also drawn MA as forked shortly beyond its 
origin; but this fork does not show in the type 
specimen or in any of the fossils in the Museum of 
Comparative Zoology In none of the specimens of 
tritecta which have been found is MA preserved to 
the actual wing margin, but the missing part is so 
short that it seems almost certain that this vein was 
unbranched. 

The Affinities of the Elmoidae 

Although Elmoa possesses a number of charac- 
teristics foreign to the Carboniferous and most 
Permian Megasecoptera, I believe with Tillyard 
that it belongs to this order. All of the Eumegase- 
coptera previously known have possessed a petiolate 
or subpetiolate wing. The relatively broad wing 
base of Elmoa therefore suggests that the family 


which it represents was more generalized than other 
known Megasecoptera As Tillyard has proposed, 
the Elmoidae were probably Permian derivitiveB of 
a group of Megasecoptera which must have existed 
well back in the Pennsylvanian Period The short 
subcosta of Elmoa, however, is a specialization not 
previously found in any Eumegasecopteron, though 
a similar subcosta occurs in the Protohymenoptera. 

Of particular interest in oonneotion with the 
affinities of Elmoa is the difference in the shape of 
the fore and lund wings The complete specimen in 
the Harvard collection shows conclusively that the 
broader wing is the hind one This is consistent 
with the condition which occurs frequently through- 
out the Megasecoptera as a whole, including such 
slender winged types as Forma maculata Meunier, 
from the Carboniferous of Commentry. 

So far as the Permian is concerned the following 
family, Martynoviidae, seems to be the one most 
closely related to the Elmoidae. 

Family Marttnoviidae 

Wings subequal; membrane glassy. Fore wing: „ 
Sc terminating on Rl at about mid-wing; costal 
veinlets few in number; pterostigma weak, but ex- 
tensive, the area between R and the costal margin 
beyond the end of Sc being slightly thickened and 
pigmented; Rs arising before mid-wing; M coalesced 
basally with R; MA and MP present, MA coalesced 
with Rs; Cu coalesced with R + M basally; two or 
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three anal veins present. Hind wing much broader 
than the fore wing, costal space slightly broader 
than that of fore wing; venation like that of the fore 
wing, except that the pterostigma is absent or very 
weakly formed at most. The body structure is 
unknown. 

This family was originally established by Tillyard 
(1932) for two genera, Martynoma and Martynom- 
ella In a later paper (1937) he also placed hero the 
genus Promartynoma, based upon a single wing 
fragment (went costa Till ) Better and more nearly 
complete specimens of the latter species in the Har- 
vard collection convince me that Promartynoma is 
really a Protortliopteron Tillyard himself suggested 
that the precostal area in Promartynoma was prob- 
ably a remnant of a formation carried over from a 
Protoblattoid ancestor The genus Promartynoma 
will accordingly lie considered in the following part 
of this senes of papers 

For reasons which will be given below, I consider 
the genus Martynomella to be synonymous with 
Martynoma, which thus becomes the only known 
genus in the family 

Genus Martynoma Tillyard 
Martynoma Tillyard, 1932, Amer Joum Sci 23:13 
MartynomeUa Tillyard, 1932, ibid , 23: 17 

Fore wing long and moderately slender, costal 
space of moderate width basally, but narrowed 


above the origin of Rs; R1 dose to the costal margin 
distally, unbranched; Rs with from 3-5 terminal 
branches; M separating from stem R + M at about 
the point of divergence of CuA from R + M; MA, 
MP, CuA and anals unbranched, cross-veins few in 
number Hind wing similar to the fore wing, 
except for differences noted Under the family. 

Genotype Martynoma insignia Till. 

At present two species of this genus are known, 
insignia Till, and protohymenoides Till. The latter is 
the genotype of Martynomella, which I have synony- 
mized here with Martynoma. In regarding these 
two species as representatives of different genera, 
Tillyard was unaware that one of them (insignia) 
was based on a hind wing, and the other on a fore 
wing Although cognizant of the similarity of their 
venation, Tillyard was led to place them in separate 
genera by the difference in wing shape Actually, 
of course, this difference is due to the fact that the 
fossils do not represent homologous wings. 

Martynovia insigms Tillyard 
Figure 2 

Martynovia insignia Tillyard, 1932, Amer. Journ 

Sci 23: 15 

Fore wing, length, 12 5-20 mm ; width, 3-4 7 mm 
Costal margin arched basally, slightly concave just 
beyond the origin of Rs; costal space broad basally, 



Figure 2 Martynoma magma Till A, fore wing; drawing based chiefly on specimen no. 4601, Mus. Comp. 
Zool B, hind wing; drawing based mainly on specimen no 4604, Mus. Comp. Zool , and the holotype. Lettering 
as in figure 1 
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but very narrow before end of Sc ; several prominent 
costal veinlets; Rs with from 4-5 branches; usually 
two cross-veins between each of these and MA and 
MP; CuA and CuP separating at about the same 
level as the point of divergence of Rs from M; 1A 
and 2A well developed ; 3A sometimes present near 
base of wing. Cross-veins strongly developed. 
Hind wing length, 12.5-20 mm ; width, 4 2-6 mm 
Costal area broader than in fore wing and not so 
markedly concave, venation as in the fore wing. 
The hind wmg appears to lack a pterostigma; its 
absence m the holotype (hind wing) can hardly be 
due to its failure to be preserved, since the wing is 
in excellent condition 

Holotype. no. 5423, Peabody Museum, Yale 
University. This is a hind wing, not a fore wmg, as 
stated by Tillyard 

In the Harvard collection there are three speci- 
mens of this insect, all from the upper layer of the 
limestone and collected at Elmo by F. M Carpenter 
no 4600ab, and no 4601ab, complete and well 
preserved fore wings, and no 4604ab, a hind wmg, 
about two-thirds complete, lacking only a part of 
the costal area and most of the actual posterior 
margin 

Tillyard’s drawing of the wing of insignia (1932, 
fig 5) is incorrect in two important respects in the 
first place, the “obsolescent costal vein” which he 
represents in solid lines in one illustration (fig 5) and 
in dotted lines in another (fig 6), does not exist m 
the type nor is it present m the Harvard specimens. 
Tillyard himself was apparently doubtful of its 
presence, for he states (p 16) that he was unable to 
satisfy himself of the course of this vein Such a vein 
does not occur in the Megasecoptera, though it is 
found in many Neuroptera In the second place, 
the “obsolescent Cu2,” represented in his figure by 
dotted lines, is also not present in any of the speci- 
mens, including the type. Of this vein he states 
that he could not be quite certain even of its exist- 
ence I am at a loss to explain why Tillyard did not 
recognize as CuP (Cu2) the vein which he has 
designated Culb, this is concave, as CuP should be, 
and it occupies the normal position of this vein. 

Since no complete specimens of irmgnis or proto- 
hymenoides are known, I have based my conclusion 
on the identity of fore and hind wings of these two 
species on comparisons with the wings of Elmoa. 
It is at once clear from an examination of the two 
wings shown m figure 2 that their venation is ldenti- 

* Martynov (1938b, p. 39), without having seen any 
specimens of Martynoviidae, suggested on the basis of 
the published figures that Tillyard's Culb (CuA2) was 
really CuP. 


cal, the only differences between them being in wing 
shape. Two possible interpretations of these wings 
can be made, they might represent two species of 
Martynovia, one slender and the other broad; or 
they might be fore and hind wings of the same 
species. The latter interpretation is the one which 
seems certainly correct, in view of the wing struc- 
ture of Elmoa, the fore and hind wings of which 
show the same differences as those existing between 
the wings in figure 2 Furthermore, it is also appar- 
ent from the condition in Elmoa and other Mega- 
secoptera that the broader of the two wings is the 
hind one 

Martynovia protohymenoides (Tillyard) 

Figure 3 

Marlynomella protohymenoides Tillyard, 1932, Amer 

Joum Sci 23: 18. 

Fore wmg length, 12.5-17 mm., width, 3-3 5 
mm ; much more slender than that of insigms; 
costal margin only slightly arched basally and almost 
straight beyond this part; costal space not narrowed 
until about mid-wing; pterostigma as in irmgnis 
though not extending so far proximally, Sc more 
remote from Rl than in insignia, costal veinlets and 
other cross-veins apparently fewer in number than 
in insigms; Rs with 3-4 branches; CuP separating 
from R + M much further proximally than the 
point of separation of CuA, 3A is not preserved in 
any specimen, cross-veinR very weak Hind wing 
unknown. 

Holotype. No. 5424, Peabody Museum, Yale 
University This consists of a nearly complete fore 
wing, only about the proximal fifth of the wing is 
missing. 

In the Harvard collection there are three speci- 
mens of protohymenoides, all from the lower layer of 
the limestone and collected by F M Carpenter, 
no 4597ab, the distal half of a fore wing; no. 
4599ab, a complete and well preserved fore wing; 
and no. 455Sab, a nearly complete fore wing. 

This insect is obviously very similar to irmgnis 
and differs from it m such minor characteristics as 
the shape of the wing and of the costal space. In 
separating protohymenoides from insigms generically, 
Tillyard was misled by the fact that he had only the 
fore wing of one species and the hind wing of the 
other His figure of the type of protohymenoides 
(1932, fig. 7) is not entirely correct. He has drawn 
more of the proximal part of the wing than is actually 
preserved and his restoration of the base of the 
wing does not agree with the structure shown in the 
Harvard specimens. The pterostigma is faintly but 
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dearly indicated in the holotype, though it is not 
mentioned by Tillyard. It is more distinctly pre- 
served in one of the Harvard specimens (no. 4598). 

The Affinities of the Martynoviidae 
As previously mentioned, the family Martynovi- 
idae was placed by Tillyard in the suborder Sialoidea 
of the order Neuroptera. Unfortunately, Tillyard 
gives no reasons for his decision that Martynovia 
and Martynonella were Neuropterous, apparently 
assuming that their systematic position was obvious. 
However, in lus discussion of the phylogenetic 
relationship between the Martynoviidae and the 
existing Sialoidea, Tillyard concluded that the 
Martynoviidae were in no sense ancestral to any 
Recent members of the order Apparently, there- 
fore, he recognized the existence of great differ- 
ences between the living Sialoidea and the Marty- 


oondude, 1 believe, that the Martynoviidae do not 
belong with the Neuroptera and have no relation- 
ship with them. This view has already been ex- 
pressed by Martynov (1938b), though he did not 
present reasons for his conclusion. 

We are next faced with the problem of determin- 
ing the true affinities of the Martynoviidae. Of 
the Permian insects now known the Elmoidae seem 
to be the closest to them, in wing structure, at least. 
All of the main veins have similar origins in both 
groups, and the short subcosta occurs in both. The 
chief differences between them are in the coalescence 
of MA and Rs and the presence of a pterostigma in 
the Martynoviidae , in the Elmoidae MA is free from 
Rs and a true pterostigma is apparently absent. 
However, these two characteristics are the ones 
which distinguish the Elmoidae from the other known 
families of Megasecoptera Consequently, the 



Figure 3 Martynovia protohymenoides Till. Drawing of fore wing, based chiefly on specimen no 4599, Mus- 
Comp Zool. Lettering as in figure 1. 


noviidae. He explained these differences by the 
assumption that the Martynoviidae were an end 
group of Neuroptera which arose from Carboniferous 
stock. In my opinion, however, the differences are 
simply due to the fact that the Martynoviidae are 
not at all related to the Neuroptera or to any other 
holometabolous insects. 

A comparison of the wings of the Martynoviidae 
with those of the Megaloptera shows that whatever 
resemblances exist (such as the branching of Rs) 
are entirely superficial; whereas the numerous dif- 
ferences are of a more fundamental type. The 
short subcosta of the Martynoviidae, for example, 
is in direct contrast to the long one characteristic of 
the Megaloptera (Sialoidea), in which the distal 
part of the subcosta is always associated with the 
radiu^yp the pterostigmal region. Another essential 
difference is the presence of the extensive and 
thickened pterostigma in the Martynoviidae; no 
such structure is present in the Sialoidea. Without 
enumerating further differences of this sort, we may 


Martynoviidae are intermediate in wing structure 
between the Elmoidae and certain other Mega- 
secoptera It is my conviction, therefore, that the 
Martynoviidae are Megasecopterous, belonging to 
the suborder Eumegasecoptera, and that their 
systematic position is not far from that held by the 
Elmoidae. 

The pterostigma of the Martynoviidae is of much 
interest in this connection. As already noted, this 
pterostigma, although only slightly thickened, is 
very suggestive of that in the suborder Protohy- 
menoptera (Megasecoptera). In the latter insects, 
the area between R] and the costal margin is 
thickened and pigmented for a considerable dis- 
tance. I do not believe, however, that the similarity 
of the pterostigma in these two groups is sufficient 
to justify the reference' of the Martynoviidae to the 
Protohymenoptera, for they have much more in 
common with the Eumegasecoptera. Nevertheless, 
they were probably not far from the line which gave 
rise to the Protohymenoptera. Incidentally, I wish 
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to point out that although no true pterostigma has 
been seen in the wings of the Carboniferous Mega- 
secoptera, one might well have been present; all or 
nearly all of the Carboniferous species are preserved 
m black or very dark gray shale, in which such 
detailed structures as a pterostigina are obscured. 

Tillyard was obviously aware of the similarity 
between the Martynovndae and the Protohymenop- 
tera, for he says of Martynoviella (1932, p 23): 
“There is here, surely, something more than a 
purely chance resemblance to Protohymenoptera 
While it can scarcely be doubted that this genus is 
Sialoid, the strongly formed veins and cross-veins, 
with the obsolescent chaetotaxy, the general scheme 
of venation and the curious arrangement of the 
cross-veins, strongly suggest the possibility of an 
affinity between the two orders And if, as may be 
possible (though I cannot accept Carpenter’s sup- 
posed proof of it, of which more later) the Proto- 
hymenoptera are descended from Megasecoptera, 
then we may also have to reconsider Handlirsch’s 
view that the Neuroptera are similarly derived ” 
The latter part of this statement is of much interest, 
since four years later (1936) Tillyard accepted in 
full the thesis that the Protohymenoptera were 
Megasecoptcrous (1936, p 450) I do not for a 
moment believe, however, that we are thus obliged 
to give serious consideration to the derivation of the 
Neuroptera from such highly specialized insects as 
the Megasecoptera As Tillyard himself pointed 
out (1932, p 29), if there is one thing that appears 
certain it is that the two orders Mecoptera and 
Neuroptera have come from a common stem, and 
that this type must have combined in itself the 
more archaic characteristics of both the Meropoidea 
(Mecoptera) and Sialoidea Such an ancestor is 
almost certain to be found among the Orthop- 
teroids (probably Protorthoptera), not among the 
Megasecoptera 

Martynov (1938b), who has expressed doubt of 
the Neuropterous affinities of the Martynoviidae, 
lias suggested that the family might be allied to the 
Archodonata, an order established by him for certain 
Permian insects related to the Odonata The addi- 
tional fossils described m the present paper, however, 
appear to eliminate this view, which was in fact 
proposed by him merely as a possibility, pending the 
study of further specimens of Martynovndae 

Order NEUROPTERA 

The order Neuroptera is very sparsely represented 
in the Elmo limestone There are but two specimens 
unquestionably referable to this order in the Yale 
collection and only nine in the Harvard collection 


These eleven specimens are of much significance, 
however, since they constitute the earliest geological 
record of the order 

It is a fact well known to entomologists that be- 
cause of their great diversity of structure the Neu- 
roptera defy a concise definition Even the wing 
venation m the order is of such a bewildering variety 
that taxonomists have found it impossible to draw 
up venational limits of the group This diversity 
of venation leads to a serious problem in the case of 
the fossil Neuroptera, of which only the wings are 
usually preserved At least some uncertainty neces- 
sarily attends the determination of isolated wings 
as Neuroptera, especially specimens from Palaeozoic 
strata. I emphasize this here because I am convmced 
that several of the insects from the Elmo limestone 
which Tillyard has described as Neuroptera are not 
even related to the order, and consequently that 
the conclusions which he has based on these speci- 
mens are not valid 

Four of the Neuroptera which Tillyard described 
from the Yale collection were placed by him in the 
suborder Plampenma (Neuroptera, s s ) and four 
others in the suborder vSialoidea (Megaloptera). 
The following list includes all of these insects 
Suborder Pi.anipf.nnia 
Fam Permoberothidae 

Permobcrolha villosa Till (1932) 
Permobvrolha convergent Till (1937) 
Dictyobiella nervosa Till (1937) 
Permobiella perspicua Till (1937) 
Suborder Meoaloptera (Sialoidea) 

Fam Chonstosialidae 

Chonstosxalis emgmahca Till (1932) 
Fam Martynovndae 

Martynovia insignia Till (1932) 
Martynoviella prolohymenouks Till 
(1932) 

Promarlynoma venicosta Till. (1937) 

A study of both Yale and Harvard specimens of 
these species has convinced me that none of those 
described as Sialouls are really Neuropterous The 
genera Martynovia and Martynoviella belong, m my 
opinion, to the order Megasecoptera, the reasons for 
this conviction have already lieen given alxive, in 
the account of additional Megasecoptera The genus 
Promartynovia, which was based upon a small frag- 
ment of a wing, is clearly Orthopteroid , the evidence 
for this conclusion has been obtained from several 
complete wings in the Harvard collection and will be 
discussed in the subsequent paper in this senes. 
Chonstosialis ’should, I believe, be regarded as 
Mecopterous until evidence to the contrary has been 
found The unique specimen on which the genus 
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was established consists of less than half of one wing. 
Tillyard himself expressed some doubt of the Neu- 
ropterous affinities of this insect, pointing out that 
it had certain Mecopterous features, such as the 
dichotomous branching of Rs and M. The latter 
seems to me to have far more significance than the 
presence of possible Sialoid characteristics, such as 
the costal veinlets, which incidentally are also pres- 
ent in the generalized Mecoptera (suborder Pro- 
tomecoptera) If Chons to sialu were regarded as a 
Sialoid, it would be the only representative of the 
group in the Lower Permian, hence, in view of the 
incompleteness of the type specimen and the unques- 
tionable existence of true Mecoptera in the Lower 
Permian, I prefer to consider it a Mecopteron. 

Of the insects which Tillyard described as Plani- 
pennia, PermobieUa is beyond doubt, as already 
shown by Martynov (1938a, 1938b), a relative of the 
Orthopteroid family Caloneundae, recently placed 
by him in a new order, Caloneurodea My account 
of this genus, with descriptions of related genera, 
will be found below under that order The family 
Permoberothidae, however, almost certainly belongs 
to the Plampennia. Only one valid species of this 
family, Permoberotha tnllosa Till , has so far been 
found in the Elmo limestone, and if its affinities have 
been correctly determined, it is the oldest record of 
the order Neuroptera. 

The venational terminology used in the following 
account of the Permoberothidae requires an expla- 
nation In 1928 and again in 1932 Martynov ex- 
pressed his conviction that the vein previously 
identified as the media in most existing Neuroptera 
was in reality only a posterior branch of the media 
(l. e , MP), and that the anterior branch had been 
identified as part of the radial sector. Tillyard in 
his first paper on the Neuroptera of the Elmo lime- 
stone (1922) accepted this interpretation and at- 
tempted to apply it to Permoberotha The lettering 
of the veins in his drawing of the wing follows this 
terminology, but through some oversight his descrip- 
tion Of the venation in the text gives a different 
interpretation, more nearly following that of Com- 
stock (1918) In lus second paper (1937) on the 
Neuroptera of the Elmo limestone, Tillyard rejected 
Martynov’s interpretation, which he had previously 
accepted, and returned to Comstock’s view, so far 
as the radial sector and the media were concerned. 
But he did this solely on the evidence (1937, p. 102) 
which he thought was provided by another Neurop- 
terov from the Elmo deposit, Permobiella perspicm 
Till.; this incomplete wing he believed to be a 
Planipennian “ reduced to its lowest terms." Unfor- 
tunately, he was far wrong in his determination of 


the affinities of PermobieUa, for, as Martynov has 
observed (1938a, 1938b), it belongB without doubt 
to the Caloneuridae, an Orthopteroid family which 
Tillyard apparently overlooked completely when he 
described the fossil. Hence, Tillyard’s rejection of 
Martynov’s ooncept of the Neuropterous venation 
was based on evidence which really did not exist. 
Since I have found, as indicated elsewhere (1940), 
that Martynov’s interpretation explains very satis- 
factorily the venation of the existing Neuroptera, 
I have used it here. 

Suborder Planipennia (Neuroptera, s. s.) 

Family Permoberothidae 
Wings subequal. Fore wing- costal area broader 
than in hind wing, Sc terminating on costal margin, 
a series of oostal veinlete connecting it to the anterior 
margin, pterostigma absent; Rs arising from R near 
the base of the wing, MA coalesced with Rs for a 
short distance proximally, then continuing as a 
nearly straight vein almost to the very apex of the 
wmg, MP coalesced proximally with CuA for a short 
distance, then continuing close to MA and parallel 
to it; between MA and MP there is a distinct groove, 
as in Recent Hemerobiidae and other families of 
Neuroptera, Cu forking at base into CuA and CuP; 
CuA coalesced with MP for a short distance; CuA2 
arising before the separation of MP from CuA, 
CuP is a faint but distinct, straight vein. Hind 
wing: Sc close to R and terminating on R1 not far 
from mid-wing; Rs arising from R as in fore wing 
and coalesced with MA for a greater interval than 
in the fore wing; Rs forked as in the fore wing; MA, 
MP, CuA and CuP essentially as in the fore wing; 
groove present between MA and MP. 

Little is known of the body structure’ the abdo- 
men was slender and terminated in a pair of short 
cerci. 

The family Permoberothidae is so far represented 
by only one genus. 

Genus Permoberotha Tillyard. 
Permoberotha Tillyard, 1932, Amer. Journ. Sci., 23: 

24; 1937, ibid , 33 : 108 
DiclyobieUa Tillyard, 1937, ibid., 33 : 104 
Fore wing slender; costal area narrow basally, 
but broadened above the origin of Rs, recurrent 
humeral vein absent; costal veinlets not forked; Rs 
forked at about mid-wing or beyond, its* branches 
somewhat zigzagged; CuAl forked at least once; 2 A 
terminating on 3A. Cross-veins are numerous and 
not arranged in gradate series. Hind wing: costal 
space with well developed veinlets; Rs forked as in 
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the fore wing; 2A terminating on wing margin, 
cross- veins as numerous as in the fore wing, not in 
gradate series. 

Genotype: Permoberotha villosa Tillyard. This is 
the only species of the genus known at present 

Permoberotha tnllosa Till. 

Figure 4 

Permoberotha villosa Tillyard, 1932, Amer Joum. 

Sci., 03:25 

Permoberotha convergent Tillyard, 1937, ibid., 33: 109 
DidyobieUa nervosa Tillyard, 1937, 33: 105 

Fore wing . length, 9 mm. ; width, 2 8 mm. Ante- 
rior margin slightly concave; 10-12 costal veinlets, 
and 7-9 between 111 and the costal margin , a single 
well developed cross-vein between Sc and R just 
before the origin of Rs, forking of Rs somewhat 
variable, in the holotype R2 + 3 and R4 + 5 
separate in the distal third of the wing, but in one 
of the Harvard specimens (No 4005) they separate 
before mid-wing; in none do either of these branches 
of Rs apparently divide again; OuAl shows little 
variation in forking; in all clearly preserved speci- 
mens each main branch of CuAl forks again at the 
margin. In the holotype, an incomplete wmg, there 
are about 56 croes-veins, and in the best of the 
Harvard specimens (No 4605) there are 64 cross- 


veins The fore wing had well developed macro- 
trichia on the main veins, their large sockets being 
visible in all specimens. Microtrichia are discernible 
on the fore wing of the holotype 

Hind wing - length, 8 mm , width, 2 8 mm More 
oval than fore wmg and much broader distally than 
basally , Sc closer to R1 than to the anterior margin, 
with about 16 well developed costal veinlets between 
Sc and the margin, and between R1 and the margin. 
The branching of Rs and CuAl shows the same varia- 
tion as in the fore wing 

The body structure of this insect is very incom- 
pletely known and is preserved only in the holotype 
of Dictyobiella nervosa (no 15592, m Yale collection). 
The length of the entire body is 6 5 mm., a little less 
than that of the fore wing. The abdomen is slender, 

4 mm long and 1 mm wide. Very little can be made 
out of the head and thorax; Tillyard has described 
the shape of the head, eyes and clypeus from this 
fossil, but I have been unable to identify these 
structures The abdomen terminates m a pair of 
cerci These were not entirely exposed when Till- 
yard described the insects and are therefore incor- 
rectly depicted m his figure (1937, fig. 9a). They 
are much longer than he thought and consist of 4 or 

5 segments There is no terminal bristle, as drawn 
by him; the structure which he interpreted as a 
bristle was an exposed part of the rest of the cercus. 



Fiourb 4. Permoberotha villosa Till. A, fore wing; drawing based mainly on specimens no 4605, Mus Comp. 
Zool., and the holotype B, hind wmg; chawing based mainly on specimen no 4575, Mus Comp. Zool R2 + 3 
and R4 ■+• 6, branches of Rs; other lettering as in figure 1 
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Holotype No 5426 and its counterpart (15595) 
Peabody Museum, Yale University 

In the Harvard collection there are nine specimens 
of this insect, nos. 4573-4580 and 4605 Six of these 
are from the upper layer, four (4572, 4576, 4578, 
4579) are hind wings and the rest are fore wings 
All were collected by F. M Carpenter in the Harvard 
quarries at Elmo, Kansas, m 1927, 1932 and 1935 

Permoberotha convergens Till was based upon the 
counterpart (obverse) of the holotype of villosa 
This is not readily apparent from Tillyard’s figures 
of these two insects (Tillyard, 1932, fig. 11, 1937, 
fig. 10), but when I examined the specimens them- 
selves at the Peabody Museum, I was struck by the 
exact correspondence of cross-veins; and on placing 
the two fossils together I found that they fitted 
perfectly Tillyard’s figure of the obverse specimen 
{convergens) is very inaccurate and highly diagram- 
matic. The numerous cross-veins which he shows 
between CuA, CuP and the anal veins simply do not 
exist in the fossil. 

Dictyobiella nervosa is likewise a synonym of vil- 
losa Tillyard’s figure of its wing does not indicate 
this, but, as he mentions, his drawing was a com- 
posite one, based upon both fore and hind wings 
The hind wing venation is represented by the short 
Sc and the fore wing venation by the structure of 
Rs The cubitus is incorrect for either wmg and the 
zigzagged R4 + 5 (Tillyard’s notation) shown in 
his figure and used for generic diagnosis, does not 
exist m the specimen In the type specimen of 
nervosa the two fore wings and one lnnd wing are 
superimposed so that most of the veins cannot lie 
distinguished, though enough is clear to enable 
recognition of the venation of villosa The second 
hind wing is preserved out-stretched to one side and 
its venation is distinct except at the base It is 
identical with the lund wing shown here in figure 4, 
except for the position of cross-veins and other indi- 
vidual features Unfortunately Tillyard assumed 
that the short Sc and other hind wmg structures 
were characteristic of both wings and made them 
generic. It is noteworthy that Permoberotha villosa 
is the only Permian Neuropteron so far described of 
which both fore and hind wings are known 

Relationships of the Permobekothidae 

Since Permoberotha is geologically the oldest 
Neuropteron known, its phylogenetic position is of 
much interest Tillyard was of the opinion that 
there was “no valid reason why the genus Permo- 
berotha should not be regarded as representative of 
the ancestral stem of the Berothidae” (1932, p 28). 

I do not agree with this view. In fact, the difference 


between the wings of the Berothidae and Permo- 
berothidae are so great I find it difficult to make 
comparisons. The following summary lists the 
points of difference between these wings which seem 
to me to eliminate any possibility of the relationship 
suggested by Tillyard. 

1 Permoberotha lacks any sign of a pterostigma. 
Since a pterostigma of some kind is present m all 
the Hemerobioidea, including the Berothidae, the 
absence of it can only be regarded as a specializa- 
tion — unless of course we consider the very improb- 
able supposition that Permoberotha is ancestral to 
all Hemerobioidea 

2. The subcosta of Permoberotha terminates at 
about mid-wing In the Berothidae and all other 
existing Neuroptera (Plampenma), as far as I am 
aware, the subcosta terminates nearly at the apex 
of the wmg 

3 The radial sector of Permoberotha consists of 
only two branches, in contrast to the multibranched 
radial sector of the Berothids and nearly all existing 
Plampenma 

4 The branches of Rs and Cu are strongly zig- 
zagged, a specialization which is not found m any 
Berothid 

5. MA is unbranched and close to MP in Permo- 
berotha, the proximity of MA and MP is a special- 
ization not known in existing Neuroptera 

6 MP in Permoberotha is coalesced basally with 
CuA in both wmgs, another specialization which is 
not known to me in existing Plampenma 

7 Sc in the hind wing of Permoberotha is very 
short, terminating on R1 well before the middle of 
the wing, such a structure of Sc is unknown m Recent 
Neuroptera 

These differences have led me to the opinion that 
the family Permoberothidae is much too highly 
specialized to be ancestral to the Berothidae, or for 
that matter to any other existing family of Neurop- 
tera It is more likely a specialized offshoot of a 
group of Upper Carboniferous Neuroptera, having 
little phylogenetio relationship with existing mem- 
liers of the order This conclusion is substantiated 
by a comparison of Permoberotha with the Upper 
Permian Neuroptera which have been described 
from Russia and Australia (Martynov, 1932; Till- 
yard, 1926) All of these Upper Permian species, of 
which seventeen have been described, are far more 
generalized than Permoberotha and show numerous 
characteristics found in Recent families, such as the 
Berothidae, Ospiylidae, and Psychopsidae. The 
Permoberothidae are certainly far removed from 
these other Permian types. 

The real significance of Permoberotha is not to be 
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found in the evidence it provides for the relationship 
or evolution of existing Neuroptera; but (provided 
it is a Neuropteron) in the evidence it furnishes that 
the order had been established long enough by the 
time of the lower Permian to include such highly 
specialised members 

Order RAPHIDIODEA 

A single species of Raphidiodea, Permoraphidia 
amencana, was described by Tillyard from the Elmo 
limestone in 1932 This insect is obviously a very 
rare one in the formation, the holotype is the only 
specimen of it in the Yale collection and there are 
but six additional specimens in the Museum of 
Comparative Zoology An undescnhed species of 
the same genus is also present in the Harvard col- 
lection These new fossils fully substantiate Till- 
yard’s conclusion on the affinities of the Permora- 
phidndae and add materially to our knowledge of 
their structure 

Family Permoraphidhdae 

Wings subequal, the membrane lacks microtnchia 
and apparently macrotrichia, but it is not glassy, as 
in the existing Raphidiodea Fore-wing . a recurrent 
humeral vein, resembling that of some Neuroptera, 
is present; this vein may be a submarginal costa, as 
it was interpreted by Tillyard Costal veinlets well 
developed and about as numerous as m Raphidndae, 
pterostigma well developed, traversed by several 
cross-veins, R1 unbranched, Rs arising at about 
mid-wing, with at least two branches, M coalesced 
with R basally and with CuAl for a short distance, 
the free piece of CuAl before this coalescence being 
oblique, MA and MP diverging distally to the 
separation of CuAl from M, MA coalesced with Rs 
for a short distance, Cu free from M basally, shortly 
dividing mto CuA and CuP, CuA forking before 
mid-wing, CuAl diverging anteriorly and coalescing 
with M for a short distance, CuP weak, unbranched, 
1A, 2A, 3A unbranched, cross-veins more numerous 
than m Raphidndae, especially in anal area Hind 
wing slightly smaller than fore wing and with nar- 
rower costal area, recurrent humeral vein absent, 
venation similar to that of fore wing (anal area 
unknown). 

The family is represented by the single genus 
Pennoraphidia 

Genus Permoraphidia Tillyard 
Permoraphidia Tillyard, 1932, Amer. Joum. Sci 23: 

6 . 

Fore wing. Rs with at least two forks, each having 
terminal branches; Rs widely separated from R1 


and connected to it by several long cross-veins; a 
well developed cross-vein joins M (or MA) to R1 
(or Rs) before the coalescence of MA and Rs, 
forming a conspicuous triangular or quadrilateral 
cell Hind wing similar to fore wing, except for the 
differences already noted 
The body structure is unknown 
Genotype Permoraphidia amencana Tillyard. 

Permoraphidia amencana Tillyard 
• Figure 5 

Permoraphidia amencana Tillyard, 1932, Amer. 
Joum Sci , 23 : 8 

Fore wing, length, 9 5-10 5 mm , width, 2 3-2.6 
mm , elongate and oval , costal margin only slightly 
arched, apex somewhat pointed, recurrent humeral 
vein extending only to about the level of separation 
of CuA and CuP, with about 6 veinlets between it 
and the anterior margin, 4-8 costal veinlets, 
pterostigma rather broad, of uniform density, 
several subcostal veinlets present, usually four m 
pterostigma, Rs originating at about mid-wing, the 
amount of coalescence between Rs and MA is about 
equal to the length of the free part of Rs before the 
coalescence, Rs forked to level of middle of ptero- 
stigma; both terminal branches of Rs forked again 
at margin , MA with two or three terminal branches, 
MP with one or two well developed terminal 
branches, amount of fusion between M and CuAl 
variable, but it is at least equal to the interval of 
coalescence of Rs and MA, CuAl forked to about 
half its length, CuA2 simple, unbranched, 1A close 
and parallel to CuP, 2A close to 1A proximally, but 
diverging from it dibtally, 3A short and close to the 
posterior margin , between all anal veins is a variable 
number of cross-veins, mostly curved or sigmoidal. 
Hmd wing all of the hind wing is known except the 
distal part of CuP and the anal veins The largest 
fragment is 8 mm long and 2 5 mm wide, in all 
probability the wing was a little shorter than the 
fore wing, though about as broad Costal area 
narrower than in fore wing, Sc terminating as in 
fore wing, pterostigma slender; Rs arising further 
proximally than m the fore wing, M forked and 
coalesced with CuAl as in fore wing 
Holotype. No. 1522ab, Peabody Museum, Yale 
University. 

In the Harvard collection there are six specimens 
of this insect from the Elmo limestone, three from 
each layer, no. 4581, a complete fore wing, without 
distortion and very well preserved, except for the 
cross-veins; no 4582ab, distal third of a fore wing, 
well preserved; no, 4584ab and no 4585ab, fore 
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Figure 5 Permoraphidia amencana Till A, fore wing; drawing based mainly on specimens no. 4681 and 
4684, Mus Comp Zool B, hind wing; drawing based on specimens no 4686 and 4683, Mus Comp. Zool. M, 
common stem of MA and MP, other lettering as in figure 1. 


wings, incomplete but well preserved , no 4586ab, a 
hind wing, fairly well preserved, 4583ab, distal 
third of a hind wing. In the Sellards collection there 
is one nearly complete fore wing (no 113) 

The drawing of the fore wing in figure ft is based 
mainly on specimen no 4581, with the addition of 
some cross-veins shown better in specimen no 4584 
It should be noted that Tillyard's figure of the fore 
wing of amencana (1932, p 0) is incorrect m several 
details, Buch as the structure of the “recurrent 
humeral vein” (termed the costa by Tillyard) and 
the proximal part of the posterior wing margin. I 
have identified two of the fossils (nos 4586, 4583) 
as hind wings of this species solely on the basis of 
their venation, no complete specimens of amencana 
having been found The wings mentioned have a 
venation identical with that of the type of americana, 
except for differences which m general occur between 
the fore and hind wings of existing Raphidiodea. 

The wings of amencana were apparently very 
delicate This is indicated by the fact that all but 
one of the eight wings of this insect which have been 
collected are folded or tom It is most interesting 
to find this t*6e of Permoraphidta, since the wings of 
the existing Raphidiidae are also fragile Appar- 
ently, however, the Permoraphidiid wings were not 
glassy, as in the Recent members of the order. Such 
a giWsy texture is clearly preserved in the fossils of 
the Elmo limestone, as in the Megaseooptera and 
Odonata; but is not even suggested in the specimens 


of Permoraphidia. Macrotrichia, which are well 
developed in Recent Raphidiodea, are not preserved 
in any of the specimens of americana. 

Permoraphidia grandu, n sp. 

Figure 6 

Fore wing length of the preserved part of wing, 
15 mm , estimated length of entire wing, 17 mm. ; 
width of preserved part of wing, 3 mm ; estimated 
width of entire wing, 4 mm Costal space much 
broader basally than in amencana, recurrent hu- 
meral vein also longer than in amencana, with about 
ten vemlets leading from it to the costal margin; 
pterostigma slender, divided into two parts, the 
anterior part being thicker than the posterior part; 
Rs forked as in amencana, MA coalesced with Rs 
with a short distance; MP and CuA as in americana, 
CuP and anal veins unknown. 

Holotype. no. 4589, Museum of Comparative 
Zoology, collected m Elmo limestone (upper layer) 
at Elmo, Kansas (F. M. Carpenter). 

This insect was obviously a close relative of 
amencana, and I have assigned it to the same genus, 
even though the structure of the hind wings is 
unknown. It had almost twice the wing expanse of 
amencana, and the fore wing was probably much 
broader than that of the genotype. The most 
peculiar feature of grandis is the pterostigma, the 
anterior part of which is thick and swollen, whereas 



THE LOWER PERMIAN INSECTS OF KANSAS. PART 9 


67 



Fig cm 6 Permoraphidia grandu, n. sp. Fore wing; drawing based on holotype. Lettering aa in figure 5. 


the rest, though pigmented, is membraneous, re- 
sembling the entire pterostigma of amencana 

The Affinities of the Permoraphidiidae 
Unlike the Mesozoic and Tertiary genera of 
Raphidiodea, 4 Permoraphidia is decidedly general- 
ized in comparison with the Recent members of the 
group, and it has a significant bearing on the prob- 
lem of the interpretation of their venational hom- 
ologies Martynov suggested over ten years ago 
(1925) that the anterior media, as well as the pos- 
terior media, was present in the existing Raphidi- 
odea The vein which had previously been deter- 
mined as the most proximal branch of Rs he believed 
to be the anterior media, which was coalesced proxi- 
mally with the stem of Rs The evidence for this 
was derived mainly from analogies with the wings of 
Neuroptera (Planipennia). The venation of Permo- 
raphidia, as Tillyard has shown, fully substantiates 
Martynov’s conclusions In the fore wing of 
Permoraphidia the actual origin of MA and its 
coalescence with Rs are very clear; so, too, are the 
origin and coalescence of CuAl with M. In the 
hind wing of Permoraphidia, which was not known 
to Tillyard, the structure of MA and CuAl is prac- 
tically identical with that of the corresponding veins 
in the fore wing, except that they originate somewhat 
nearer the base of the wing, as in the hind wings of 
existing Raphidiodea. The distinct coalescence of 


4 See Martynov, 1925; Carpenter, 1936 


CuAl with M in the hind wmg of Permoraphidia is 
of much interest, for the possibility of such a coa- 
lescence in the bind wings of existing Raphidiodea 
has not previously been suggested. I am now 
convinced that this coalescence (CuAl and M) does 
take place m the Raphidiidae and Inocelludae An 
examination of the hind wing of any of the existing 
genera of snake-flies shows that the vein which I 
have previously regarded (Carpenter, 1936, fig. 1) 
as the posterior branch of MP is strongly convex, as 
CuAl should be. A comparison of such a wing 
(Fig. 7) with the hind wmg of Permoraphidia indi- 
cates that the obscurity of the coalescence in the 
former has resulted from the distal migration of the 
point of separation of CuAl from M This migra- 
tion has progressed so far that CuAl in existing 
Raphidiodea is now fused proximally with the base 
of MP The Jurassic Bnake-flies (Mesoraphidndae), 
it must lie admitted, are fully as specialized as the 
Recent species in this respect, and do not show an 
intermediate condition, as might be expected. 

Although Permoraphidia thus aids in the determi- 
nation of the venational homologies in Reoent 
Raphidiodea, I do not believe that this genus, or 
the family which it represents, is ancestral to the 
Mesoraphidiidae, Raphidiidae or Inocellidae. The 
chief difficulty in the way of such a relationship is 
the presence of the strong, recurrent vein in the 
humeral angle of the fore wmg This vein was 
identified by Tillyard as “ the last vestiges of a truly 
archaic costal vein homologous with that m Permian 



Figure 7. Hind wing of Agulla auimilii (Alb.) (Recent). Lettering as in figure 5. 
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Plectoptera.” Interpreted in this way, it would be 
a generalized structure, lost in the subsequent evolu- 
tion of the order. In my opmion, however, it is 
more likely the homologue of the “recurrent humeral 
vein” which is found in many Neuroptera, and 
which is formed, apparently, by the alignment of 
several costal veinlets The absence of the recurrent 
vein in the hind wing of Permoraphidia, as m the 
Neuroptera, supports this view, rather than Till- 
yard’s, for the submarginal costa (costal brace) of 
the Permian Plectoptera is as well developed in the 
hind wing as in the fore Tillyard’s reference to the 
condition m Oliarces is rather puzzling I have 
examined the unique specimen by which this genus 
is known m the Museum of Comparative Zoology, 
and find that the recurrent vein there is like that of 
other Planipennia — apparently formed of aligned 
veinlets For these reasons, I consider the recurrent 
humeral vem m the fore wing of Permoraplnda to be 
a specialized, rather than a generalized character- 
istic 

Order CALONEURODEA 

This order was established by Martynov in 1938 
(1938a) for a series of fossils formerly placed in the 
Protorthoptera The following families were in- 
cluded by him in the new order 

Carboniferous 

Caloneundae (France, Pennsylvania) 
Protokollandae (France) 

Stenarocendae (France) 

? Emphylopteridac (France) 

Permian 

Euthygrammidae (Russia) 

Permobiellidae (Kansas) 

Synomaloptilidae (Russia) 

In my opinion, the Protokollandae and Stenaro- 
cendae, both of which were based on single genera, 
do not belong to the Caloneurodea 1 The family 
Emphylopteridae, which was doubtfully included 
by Martynov in the Caloneurodea, I also exclude 
from this order However, m this paper I am erect- 
ing three additional families of Caloneurodea 
Paleuthygrammidae, Pleisiogrammidae, and Ano- 
malogrammidae These are established chiefly for 
species in the Elmo limestone Although Tillyard 
desonbed one species of Caloneurodea in the Yale 
Collection from this formation, he placed it in the 

‘ The reasons for this conviction will be discussed in 
my reviaiij}g|al study Of the insects of the Commentry 
shales, new in preparation. 


Neuroptera. The present paper is therefore the 
first account of the Caloneurodea as such in the 
Elmo beds, and it is based upon the specimens con- 
tained in both the Yale and Harvard collections. 

The characteristics of the order Caloneurodea 
have been thoroughly discussed by Martynov m a 
posthumous publication (1938b), but since his paper 
was printed in Russian, I include here a summary of 
these characteristics, including several details 
furnished by the new fossils 
The body structure of the Caloneurodea is only 
partially known * The head was of moderate size 
and apparently hyjiognathous, the antennae were' 
very long and slender, the first antennal segment was 
large and swollen, the structure of the eyes is un- 
known The prothorax was about as long as wide 
The abdomen was of moderate size, rather slender, 
and terminated in a pair of short cerci The legs 
were slender, often tenuous, the posterior pair were 
longer than the others but were not modified for 
jumping The tarsal segmentation is unknown 
The fore wings of the Caloneurodea were at least 
moderately slender and were often very elongate 
The hind wings were similar to the fore wings m 
shape and venation, they were a little broader than 
the fore wings, but did not possess an enlarged anal 
area 7 The fundamental pattern of the venation 
seems to have been much the same m all families, so 
far as known At first glance this pattern seems 
very simple and generalized, with MA, MP, CuA, 
and CuP present However, a more detailed Btudy 
of the veins, especially with reference to their con- 
vexity or concavity, reveals a most perplexing con- 
dition, and, in my opinion, a highly specialized one 
The identity of the subcosta, radius, and radial 
sector is obvious Sc is long, extending at least to 
mid-wing and often to the apex; R1 is unbranched 
and terminates about at the apex; Rs usually origi- 
nates somewhat proximally of the mid-wing and 
gives rise to a variable number of branches, from 
two to many The homology of the next three 
longitudinal veins is more difficult to determine. 
The convexity or concavity of all veins, except the 


* Martynov has published a good restoration of one 
of the species from the Permian of Russia, though not 
all the details shown in his figure are actually known 
(1938b, p. 126, fig 63) 

7 Zeuner has stated (1938, p 69) that the hind wings 
of the Caloneundae possessed an anal fan. I do not 
know any basis for this assertion. None of the speci- 
mens which I have seen, including those from Com- 
mentry, show this anal fan and so far as I am aware no 
other mention of it occurs in the literature on the Calo- 
neurodea. 
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anals, is very strong; this is true of So and Rs, which 
are concave, and of III, which is convex. Below Rs 
is a forked vein (labeled 1 in figure 8) which arises 
directly from the vein below it; this vein (1) and 
both of its branches are strongly concave, like Rs 
The vein from which it arises (labeled 2 in figure 8) 
is very strongly convex, paralleling this vein and 
situated just below it is a concave vein (3 in figure 8) 
In his 1906 treatise on fossil insects Handlirsch 
figured the wing of the Carboniferous Caloneura and 
identified vein 1 (figure 8) as the media, and veins 
2 and 3 as branches of Cu This is the obvious 
interpretation of the veins, made without regard to 
their convexity or concavity Lamcere, m 1917, 
identified vein 1 of Caloneura as the media, vein 2 
as CuA ( +) and vein 3 as CuP ( - ) This interpre- 
tation agrees with the convexity and concavity of 


assume that these particular veins have changed 
through evolutionary processes from a concave posi- 
tion to a convex one or vice versa I do not believe 
such changes have ever been demonstrated in the 
insects (except perhaps in the case of elytra, where 
the thickening of the wing introduces another fac- 
tor), and until that has been done, I consider 
Martynov’s interpretation untenable The follow- 
ing identification of the veins is used here* vein 1 is 
MP (-), MA having been lost; vein 2 is CuA (+), 
being coalesced proximally with MA, vein 3 is CuP 
(— ) I must admit, however, that one peculiarity 
of the venation of the Caloneurodea leads me to 
have a suspicion of doubt about even this interpre- 
tation The vein here designated as CuP, although 
close to CuA for most of its length, diverges away 
from it proximally and coalesces with the base of 



Figure 8. Caloneura Jaueonx Brongn (Carboniferous of Commentry, France) Original drawing, baaed on 
types m the Museum d’Histoire Naturelle, Pans Sc, subcosta; Rl, radius, Rs, radial sector, MA, anterior 
media, MP, posterior media, CuA, antenor cubitus; CuP, posterior cubitus; 1A, 2A, etc , anal veins; +, convex 
veins, — , concave veins For explanation of (1), (2), (3), see text 


the branches of Cu Martynov (1928) in Ins descrip- 
tion of Euthygramma, and Tillyard (1937) m his 
account of Permobiella (which he placed in the 
Neuroptera) interpreted the venation of their 
respective genera in like manner In 1938, however, 
Martynov, after a survey of the Order Caloneurodea, 
proposed a new interpretation, designating vein 1 
as MA, vein 2 as MP, vein 3 as CuA, and the con- 
cave vein below the last as CuP 8 As Martynov 
has noted, according to this interpretation, MA is 
concave, MP is convex, CuA concave, and CuP 
convex These are exactly the reverse positions of 
the homologous veins in other insects Such an 
interpretation can therefore lie valid only if we 

• Unfortunately Martynov based this interpretation 
on the structure of the genus Euthygramma, which 
differs radically from all other Caloneurodea in having 
vein 2 remote from vein 3, and in having the latter very 
close to the concave vein below it See Martynov, 
1938a, figure la, p 71. 


the vein below (here identified as 1A), which shows 
neither convexity nor concavity This basal coa- 
lescence is apparently a characteristic of the order, 
for it occurs m all genera, Carboniferous as well as 
Penman, which have been found The difficulty of 
the present interpretation is that CuA and CuP do 
not ongmate from a common stem, instead, CuP 
anses from the base of 1A Such a common origin 
of 1A and CuP does occur, of course, among living 
insects, but its presence in the Caloneurodea adds 
another specialization to a wing which at first glance 
seems to be generalized 

The anal veins of the Caloneurodea vary from 
five in the Carboniferous species to two in some of 
the Permian members. One of the most striking 
features of the wings of these insects is the convexity 
of the numerous cross-veins In all known species 
the cross-veins are very heavy and are often stronger 
than the longitudinal veins. This peculiarity and 
the proximity of CuA and CuP (or CuP and 1A in 
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Euthygramma ) are the two chief characteristics by 
which the order may be recognized. 

The classification of the species of Caloneurodea 
into families is at present very uncertain Since we 
know but few species within the order, any classi- 
fication is likely to be more convenient than natural 
Henoe, whatever family classification is now adopted 
will undoubtedly need to be modified as additional 
species become known Inasmuch as the new 
genera from the Elmo limestone do not fit satis- 
factorily into families already established, I have 
been compelled to erect three new families for them. 
A survey of all described genera of the order, both 
Carboniferous and Permian, reveals two striking 
facts* 1) all genera are very similar in general pattern 
of the venation, and 2) all show intermediate condi- 
tions of their generic characteristics The pro- 
nounced upward arching of MAI + 2m the new 
genus Apsuloneura is illustrative of the latter. This 
arohing is present to a slight extent in several of the 
Permian genera and especially in the Carboniferous 
Homalonewra. Another illustration is furnished by 
the branches of Rs These range from six or seven 
in the Caloneuridae to none in Euthygramma; but 
the number of branches vanes specifically to such 
an extent as to render it useless for generic diagnosis. 
There are many other venational characteristics 
which show the same tendency So far I have found 
it virtually impossible to erect the framework of a 
satisfactory classification of these peculiar insects 

The affinities of the Caloneurodea are not very 
clear. They are undoubtedly a part of the Orthop- 
teroid complex and may be, as Martynov believed, 
an offshoot of the early Protorthoptera Zeuner has 
suggested (1939) that the Caloneuridae might be 
related to the ancestors of the Acndioidea, and also 
has stated that the primitive acndioid family 
Looustopsidae could easily be derived from the 
Caloneuridae I find it difficult to conceive of such 
a relationship on> the basis of our present knowledge. 
Whether or not the Caloneurodea require permanent 
separation from the Protorthoptera as a distinct 
order can only be decided after many more species 
and anatomical details are known than now. 

Paleuthygrammidae, new family 

Fore wing' tong and slender; costal area of 
moderate width, So long, terminating not far from 
the apex of wing; its arising near the middle of the 
wing, with two or rarely three branches, MP 
arising well before and forking beyond the origin of 
Rs; CuA and CuP straight and very close together, 
terminating in the diBtal fourth or fifth of the wing; 


3 anal veins; 1A and 2A dose together proximally, 
diverging distaily, 3A sigmoidally curved, termi- 
nating at about mid-wing; cross-veins numerous, 
usually straight, sometimes sigmoidal. The fore 
wing (and perhaps the hind also) has a peculiar, 
granular texture. This is indicated in only one, 
splendidly preserved wing (no. 15572ab), but the 
absence of the granular structure in other fossils is 
almost certainly a matter of poorer preservation of 
the insects The granulation is apparently caused 
by numerous minute dark spots, resembling the 
bases of microtnchia No macrotnchia or micro- 
trichia are visible on any of the wings. 

Hind wing only a little shorter than the fore wing; 
the costal space is somewhat narrower than that of 
the fore wing, and hind margin is more curved 
proximally. 

The body structure is very little known. The 
head was of moderate size, the antennae and legs 
elongate, as in other Caloneurodea. 

This family is erected for two new genera and also 
for several genera which Martynov placed in the 
Euthygrammidae The genus Euthygramma, on 
which the latter family was based (Martynov, 1928), 
is so different from the other genera included there 
that I believe it requires a separate family. These 
differences are chiefly the unbranched Rs and the 
proximity of CuP and 1A, instead of CuA and 
CuP, as in other genera 

The family Paleuthygrammidae, which is known 
from the Permian of Russia and Kansas, includes 
the following genera' Paleuthy gramma Mart., 
Vtlviopsu Mart , Viltna Zal , Pseudogramma, n. 
gen., and Apmdorurura, n gen. Vilvia is readily 
distinguished by the density of the cross-veins 
Paleuthygramma may be defined at present as 
including those speoies with a forked Rs VilmopsM 
has a radial sector with three branches, but 1 suspect 
that additional specimens of Paleuthygramma will 
show that generic separation because of the differ- 
ence of one branch of Rs will not hold The new 
genus Pseudogramma is here erected by me for 
aberram Martynov, which was placed by its author 
in Euthygramma Martynov considered it probable 
that MP in this species was coalesced with Rs. In 
view of the structure m additional Caloneuridae, 
however, I believe that such a condition is most 
improbable and that MP is really unbranched, as 
in one of the Kansas species of Caloneurodea. This, 
of course, implies that the straight and nearly con- 
tiguous veins in the wing are CuA and CuP. How- 
ever, in either case, i. e., whether MP is a simple 
vein or is coalesced with Rs, a distinct genus appears 
neoessary for this species. 
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Two genera of this family, Paleuihygramma and 
Aptidonhtra, n. gen., occur in the Elmo limestone. 

Genus Paleuthygramma Mart 
Paleuthygramma Martynov, 1980, Ann. Soc. Pal. de 
Russie, 8 : 42; 1938, Trav de l’lnst. Pal6ont , 
7: 126. 

Fore wing: Sc terminating at about the level of 
the fork of Rs, usually a little proximad to it, Its 
arising at mid-wing, or slightly before it and forked 
dichotomously near the apex of the wing; MP deeply 
forked, almost to half its length, 2 A and 3 A sinu- 
ously curved. The cross-veins are numerous, as 
characteristic of the family, most of them are 


Paleuthygramma acuta, n sp. 

Figure 9 

Fore wing, length (holotype), 18 mm.; width, 3 
mm.; costal margin slightly narrowed at very base; 
Sc terminating before the level of the forking of Rs; 
Rs with a conspicuous though shallow fork; some- 
times the alignment of cross-veins within the latter 
fork gives the impression of a weak intercalated 
vein between its branched, point of separation of 
MP from Cu variable, but always well proximal to 
the origin of Rs, anterior branch of MP slightly 
curved in its distal half, 1A close to 2A proxim&lly; 
2A slightly curved sigmoidally; 3 A arched near the 
base of the wing Hind wing- length (holotype), 



Fiourb 9. Paleuthygramma acuta, n sp. A, fore wing; drawing based chiefly on holotype and specimen no. 
4563, Mus. Comp, Zool. B, hind wing, drawing based chiefly on holotype and specimen no 4554, Mus Comp. 
Zool. Lettering as in figure 8. 


straight, but those in the distal part of the wing 
tend to be sigmoidal. Hind wing similar to the 
fore wing, but with a narrower and straighter costal 
margin; apex slightly more rounded than that of 
fore wing; 3 A more curved than m fore wing. 

This genus was established by Martynov for the 
single species tenuicomis Mart , from the Permian 
of Russia The unique type consisted of a whole 
specimen, which showed the general body structure 
and most of the venation of one wing. A closely 
related species is represented in the Yale and Har- 
vard collections from the Elmo limestone. In fact, 
its venation is so close to that of tenuicomis that I 
have found it impossible to separate the two species 
generically, in spite of the great difference in their 
geographic range. 


17 mm , width, 4 mm., similar to the fore wing, 
except for the differences noted under the genus. 

Very little is known of the body structure of this 
insect The abdomen, preserved in three specimens 
(Peabody Museum, 15655, M. C. Z. 4587, 4547) is 
9 mm long and 2 5 mm. wide One specimen 
(M. C Z. 4547) shows several terminal abdominal 
appendages. Two of these (3 mm. long) are seg- 
mented and are probably cerci, the others, included 
between the cerci, are incomplete and I have not 
been able to determine their precise form. The 
prothorax (M. C Z 4587) is 2 mm. long and 2 mm. 
wide. The legs were obviously long and slender; 
the middle femur is 5 mm. long and the tibia is at 
least 4 mm. long, since that muoh of a tibia is pre- 
served without the distal end being evident. One 
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hind tibia is preserved (M. C Z 4545); this is 9 
mm . long The tareal segmentation is unfortunately 
not known. The body structure of acuta, as far 
as known, was apparently much like that shown in 
Martynov’s restoration of Paleuthygramma tenui- 
comis (1938, fig 63), except that the legs of acuta 
were probably longer 

Holotype Museum of Comparative Zoology, No 
4587ab, collected in the lower layer of the limestone 
at Elmo, 1935 (F M Carpenter) This consists of 
a partially complete insect, three wings extend along 
the abdomen, and one fore wing, preserved only to 
about the middle, lies at right angles to the body. 
This specimen therefore shows part of a fore wing 
and at least one complete hind wing, though the 
proximal part of the latter ih olwcurod by the 
abdomen 

Paratypes as follows Two m the Peabody 
Museum, Yale University, collected m the Elmo 
beds by C O Dunbar No 15572ab, a fore wing, 
very well preserved, but with the posterior part, 
below 1A, broken away, this specimen shows clearly 
the texture of the wing No 15571, a nearly com- 
plete fore wing, with apex missing 

Nine m the Museum of Comparative Zoology, all 
collected at Elmo, 1927-1935 (F M Carpenter) 
No 4563ab, basal third of fore wings, excellent 
preservation (upper layer of limestone), No 4554, 
a nearly complete hind wing, apex missing (lower 
layer), No 4566, basal half of fore wing (upper 
layer) , No 4558ab, basal third of fore wing, excel- 
lent preservation (upper layer), No 4547ab, parts 
of wings and body, especially the abdomen (lower 
layer), No 4560ab, distal third of wing, excellent 
preservation (lower layer), No 4556, nearly com- 
plete fore wing (lower layer), No 4558ab, nearly 
complete fore wing (upper layer) 

In addition to these twelve type specimens, there 
are four other specunens in the Yale collection (Nos 
15661, 15655b, 15657ab, 15656a) and twenty in the 
Museum of Comparative Zoology These make a 
total of thirty-five specimens m both collections 

Since none of these shows either a fore or hind 
wing entirely complete, the drawings in figure 9 
have been based on several specimens A com- 
parison of figure 9 with that of Paleuthygramma 
ienuicortm Mart., the genotype, reveals the close 
similarity of the species. Probably a greater differ- 
ence exists in the anal area, which is not preserved in 
the genotype, but I do not believe that this will he 
enough to require generic separation of the two 
species. 

The chelation of the fore and hind wings of this 
insect is, made possible chiefly by the holotype, 


which includes parts of all four wings. The differ- 
ences are indeed slight, as indicated above, and are 
mainly confined to wing shape. This difference in 
shape between the fore and hind wings is almost 
certainly a generic characteristic. 

The individual fossils show slight variation in 
venation The place of origin of MP is subject to 
slight variation as is also the depth of the forks of 
Rs and MP, but the individual differences are not 
comparable in extent to those m the Protoperlana 
and most other groups of Permian insects (see 
Carpenter, 1935). 

Apsidoneura, new genus 
Wings subpetiojate and slender, though not so 
elongate as in Paleuthygramma, Sc terminating 
almost at very apex of wing, Rs arising somewhat 
nearer the base than the apex, with 2-3 branches, 
MP originating at point of separation of Cu from R 
and M, and forking well beyond mid-wing; anterior 
branch of MP strongly arched towards Rs, CuA 
and CuP straight and very close together, CuP and 
1A coalesced basally, 3 anal veins present, 1A 
remote from CuP, 3 A somewhat shorter than in 
Pseudogramma and Paleuthygramma 
This genus is known only from two isolated wings , 
both are probably fore wings 

Apsidoneura flexa, n sp 

Figure 10, plate 1, fig 2 

Length of wing (holotype), 30 mm , maximum 
width, 6 5 mm Costal margin straight, apex 
rounded, posterior margin convex, proximal third 
of wing more slender than rest; costal space much 
broadened in proximal half, but narrowed distally, 
R1 terminating at apex of wing; Rs curved anteriorly 
towards Rl opposite the upward curve in anterior 
branch of MP; MP straight from its origin to its 
fork, anterior branch of MP arching abruptly to- 
wards Rs for a short distance, them curving pos- 
teriorly, CuA and CuP are weak and twigged at 
their terminations, 1A terminating about at level of 
fork of MP, 2 A terminating just beyond level of 
origin of Rs, 3A well developed but close to wing 
margin Cross-veins numerous, convex, the longer 
ones sigmoidally curved In the region of the 
branches of Rs some cross-veins have aligned to 
form short intercalated veins 
Holotype No 4572ab, Museum of Comparative 
Zoology, collected in- the upper layer of the Elmo 
limestone, 1932 (F M Carpenter). This is a 
splendidly preserved specimen. 

Paratype • No. 4551, Museum of Comparative 
Zoology, collected in the lower layer of limestone at 
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Fiouhb 10 Apstdoneura flexa, n sp Drawing of holotype Lettering as in figure 8 


Elmo (F. M. Carpenter) This is an incomplete 
wing, lacking that part of the wing which is proximal 
to the separation of MP from R + M. The wing 
is 23 mm long as preserved and 6 5 mm wide 
The venation is identical with that of the holotype, 
except that Rs is 3-branched, R2 + 3 forking near 
the apex 

This species unquestionably requires generic 
separation from the other members of the family 
It is distinctive in possessing the long Sc, arched 
MP1 + 2 and the relatively short 3A The form of 
MP is most peculiar, but it is interesting to note 
that a tendency for curvature of this vein occurs in 
Pseudogramma An even more pronounced ap- 
proach to the condition of MP in Apndoneura is 
found in the Carboniferous Homaloneura zimihs 
Meunier, which resembles flexa in several other 
respects, also 

Pleisiogr ammidae , new family 

Wings moderately slender, costal area of moderate 
width, Sc long, extending beyond mid-wing, Hs 
arising well before mul-wing, with 3 or 4 branches, 
MP arising before origin of Rs, not strongly arched 
towards Rs; CuA and CuP straight and close to- 
gether, terminating just distad to mid-wing, much 
shorter than in Paleuthygramrnidae, CuP and 1A 
coalesced basally, only two anal veins well devel- 
oped, 3A reduced to a small vestige at base of wmg, 
cross-veins numerous, but less so than in Palcuthy- 
grammidae. 

This family is established for two new species, 
both represented by isolated wings Their venation 


is so different from that of other Caloneurodea that 
I have been unable to allocate them to any described 
family They apparently represent a specialized 
branch of the order, characterized by almost com- 
plete loss of the third anal vein. I have tentatively 
placed both species m the single genus Pleisio- 
gramma, but it may eventually be necessary to 
separate them at least genencally However, since 
we know nothing of the differences between their 
fore and hind wings, I have considered it advisable 
to group them into one genus until this important 
aspect of their structure is known 

Pleisiogramma, new genus 
Wings suhpetiolate, Sc extending at least as far 
as the fork of Rs, MP either deeply forked or simple, 
end of CuA and CuP weak distally and twigged, 1A 
close to 2A proximally, more remote distally, 2A 
ending at aliout mid-wing or just before it 
Genotype Pleisiogramma methahs, n sp. 

Pleisiogramma medialis, n. sp. 

Figure 11 

Length of wing, 17 mm , width, 4 5 mm , costal 
margin straight or nearly so, with a slight curve 
basally, apex rounded, posterior margin strongly 
curved, Sc extending almost to very apex of wing; 
Rs arising about one-fourth of wmg length from 
base, and forking into R2 + 3 and R4 + 5 just 
beyond mid-wing, R2 + 3 forked soon after its 
origin, and R2 also deeply forked, R3 and R4 + 5 
are slightly curved distally towards R2 , MP arising 
slightly before the origin of Rs, unbranched; 2 A 



Figure 11 Pleisiogramma methalis, n sp Drawing of holotype Lettering as in figure 8 
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terminating well before mid-wing, 3A very short 
and close to posterior margin; cross-veins numerous, 
mostly sigmoidal. 

Holotype- No. 4540ab, Museum of Comparative 
Zoology, in the upper layer of the Elmo limestone 
(F. M. Carpenter) The specimen consists of a very 
well preserved wing, which might be either a fore or 
hind wing. 

This species differs from all the other Caloneu- 
rodea, except Pseudogramma aberrant Mart , in 
having an unbranched MA. The possibility that 
MA actually is forked and that its anterior branch 
is coalesced proximally with Rs, does not seem to 
me at all likely If this were the case, a portion of 
MP leading to Rs should be visible Since MP and 
Rs are strongly concave, this piece of MP would of 


only a small strip along the apical and posterior 
margin The cross-veins are clearly preserved in the 
proximal part of the wing, but are obscure distally. 

This species resembles the foregoing in the wing 
shape and the reduction of the third anal vein. It 
differs from medudia, however, in a number of 
respects, such as the shorter Sc and forked media; 
these differences and others may eventually require 
the erection of a distinct genus for reducta. Until a 
complete specimen of either species (showing both 
fore and hind wings) has been found, and proven 
the contrary, the possibility remains that medialis 
and reducta are based upon fore and hind wings of 
one species However, in view of the nature of the 
differences between them, the chances of this seem 
very remote 



course also be concave, but all of the cross-veins 
between MP and Rs are strongly convex. 

Plelaiogr&mma reducta, n sp. 

Figure 12 

Length of wing, 15 mm , width, 4 mm The wing 
shape is essentially like that of medialu. Costal 
area a little broader than that of the latter; Sc 
terminating at about a third the wing-length from 
the base, directly above the first fork of Rs, Rs 
arising nearer the middle of the wing than m 
medialu and giving rise to 3 branches, R4 + 5 and 
R2 and R3; MP arising much nearer the base than 
the point of origin of Rs and forked at about mid- 
wing, its posterior branch continues the line formed 
by the stem of MP, and its anterior branch is 
directed gradually anteriorly; CuP and 1A close 
together at base, remote distally; 2 A is somewhat 
longer than in medialu; 3A is not preserved, but if 
present it is obviously very short. 

Holotype: No. 4553ab, Museum of Comparative 
Zoofrlgy, collected m the lower layer of the Elmo 
limestope, 1927 (F. M. Carpenter). This specimen 
consists of a fairly well preserved wing, which lacks 


Anomalogrammid&e, new family 

Wings slender, but not subpetiolate; costal area 
of moderate width; Sc relatively short, terminating 
at about mid-wing, space between R1 and costal 
margin, beyond end of Sc, very broad; Rs arising 
well before mid-wing, forked, MP arising nearly at 
point of separation of Cu from R + M, deeply 
forked; CuA not so close to CuP as in Paleuthy- 
grammidae, CuP twigged distally; CuP and 1A 
coalesced basally; only two anal veins are present 
in the fossil on which the family is based, but a 
third anal vein might have been present in the 
original wing, since this part of the wing is poorly 
preserved Cross-veins convex but relatively few 
in number 

This family is erected for a species having a very 
peculiar venation. Sc is shorter than in other mem- 
bers of the order, R1 diverges away from the costal 
margin beyond the end of So, and the cross-veins 
are not at all numerous (i. e., for a Caloneurodean). 
Because of these characteristics and several others 
not occurring elsewhere in the Caloneurodea, I have 
considered a distinct family necessary for this indeot. 
The family is apparently related to Paleuthygram- 
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midae, but includes more highly specialised species 
with a greater reduction of the venation. 

Anomalogramma, new genus 

Wings with the proximal half much more slender 
than the distal half; Sc terminating at mid-wing, 
MP forked just below the end of Sc, its anterior 
branch arohed slightly towards Rs at first, then 
curved away; CuA close to CuP proximally, but 
diverging from it distally; CuA and CuP weak and 
twigged distally. 

Genotype. Anomalogramma parva, n Bp. 

Anomalogramma parva, n sp. 

Figure 13 

Wmg. length, 9 mm., width, 2 nun , costal margin 
straight, apex rounded, posterior margin only 
slightly curved; Sc close to R proximally but diverg- 
ing abruptly towards costal margin soon after the 


far from mid-wing. R1 longer than in Paleuthy- 
grammidae, extending to the very apex of the wmg; 
Ra arising before mid-wing, with 3 branches; MP 
arising at point of separation of Cu from R, deeply 
forked; CuA and CuP close together proximally, but 
diverging distally, 1A remote from CuP; at least 2 
anal veins present 

This family was placed by Tillyard m the order 
Neuroptera He apparently overlooked the very 
close similarity between its venation and that of the 
Caloneundae or Martynov’s family Euthygrara- 
midae, for neither of these is mentioned in his dis- 
cussion of the fossil. Martynov has already shown 
that the true position of the Permobiellidae is with 
the Caloncurodea (1938a, 1938b) The Permobiellid 
venation differs from that of all other families in the 
order by the pronounced divergence of CuA and 
CuP distally as well as by the extraordinary con- 
vexity of the cross- veins, and the length of Rl. 



Figure 13 Anomalogramma parva, n sp Drawing of holotype Lettering os m figure 8 


origin of Rs, Rs forked to about a third of its length, 
Rs arched towards MP just beyond mid-wing, then 
curved upwards towards R just before forking, CuA 
slightly zigzagged distally, CuP more so, extending 
apically towards CuA along hind margin of wing; 
1A nearly straight The longer cross-veins are 
sigmoidally curved. 

Holotype: No 4561, Museum of Comparative 
Zoology, collected in upper layer of Elmo limestone, 
1935 (F. M. Carpenter). This specimen consists of 
a nearly complete wing, lacking only a very small 
piece near the apex The preservation is good for 
such a small wmg, though many of the cross-veins 
are not discernible. Whether the specimen is a fore 
or hmd wmg cannot be determined at present 

This insect is the smallest member of the Calo- 
neurodea so far known. The venation as a whole is 
fundamentally like that of the Paleuthygrammidae 
but differs in the structure of the individual veins, 
as indicated under the genus. 

Family Permobiellidae 

Wings moderately slender, not subpetiolate; 
costal area of moderate width, So terminating not 


GenuB Permobiella Till 

Permobiella Till , 1937, Amer Joum Sci , 33: 101; 
Martynov, 1938, 7: 80 

Wings with the proximal half much narrower than 
the distal half, Sc terminating very slightly beyond' 
mid-wing, MP forked to about mid-wing, its ante- 
rior branch very slightly arched towards Rs; CuA 
slightly zigzagged distally and twigged, CuP parallel 
to CuA proximally, but curved away distally. 
Cross-veins very strongly convex, more so than in 
any other genus of Caloneurodea. 

Genotype Permobiella perepuma Till. 

Permobiella jierspicua Till. 

Figure 14 

Permobiella perspicua Till , 1937, Amer. Journ. Sci., 
33:102 

Wing’ length of wing fragment .(holotype), 11 
mm , width, 3 6 mm ,'the basal part of the wing, 
proximal to the origin of MP, is missing, the com- 
plete wing was probably about 14 mm. long. Costal 
margin slightly arched, apex probably pointed (not 
rounded as drawn by Tillyard); posterior border 
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nearly straight, R4 + 6 is about one-half as long as 
the entire Rs; R2 and R3 are nearly as long as 
R4 + 6; between the branches of Rs, the cross-veins 
form short intercalated veins; nearly all cross- veins 
m the wing are sigmoidally curved and are dark 
brown. 

Holotype • No 15593, Peabody Museum. This 
consists of a nearly complete wing, lacking the 
proximal fifth. 

In the Museum of Comparative Zoology there is 
one specimen (no 4552ab, lower layer of the Elmo 
limestone) ; this consists of the distal half of a wing. 

Tillyard’s figure of persjncua is incorrect in several 
respects The apex of the wing is partially obscured 
by a plant fragment m the holotype, and the part 
of the apex that is preserved is obviously distorted 



Flo ore 14 Pennobiella pertpicua Till A, drawing 
of holotype, B, drawing of specimen no 4552, Mus 
Comp. Zool Lettering as m figure 8 


The apex is perfectly preserved m the Harvard 
specimen, however, and is clearly much more pointed 
than it is represented in Tillyard’s drawing Rl is 
not strongly curved distally, as he drew it, but 
terminates before the apex of the wing. He was 
also under the erroneous impression that the holo- 
tvpe was practically complete and he indicated the 
base of the wing just beyond the limits of the fossil. 
In view of the structure of other Caloneurodean 
wings, however, I believe this wing was much longer 
than he supposed. 

Tillyard jioted, and also indicated by the specific 
name perspieua, that the cross- veins of this wing 
were remarkably convex Their dark brown color 
adds to their prominence and makes them far more 


conspicuous than the longitudinal veins ' There is 
a noticeable difference in the number and arrange- 
ment of the cross-veins between the holotype of 
perspic ua and the specimen m the Harvard collec- 
tion. This discrepancy is almost certainly due to 
individual variation, rather than to specific differ- 
ence. The occurrence of several incomplete cross- 
veins in the Harvard specimens is strong support of 
this conclusion 

Order PROTORTHOPTERA 
This^rder was established by Handlirsch in 1906 
for a series of Carboniferous and Permian insects, 
presumably transitional between the Paleodictyop- 
tera and the Orthoptera (s. 1 ) Since its erection, 
the order has become a vague assemblage of all 
Paleozoic insects which show traces of Orthopteroid 
characteristics The taxonomic confusion of these 
fossils has been increased by the gradual diminution 
of the distinctions between the Protorthoptera and 
Protoblattoidea, another Paleozoic order erected by 
Handlirsch for species supposedly intermediate be- 
tween the Blattaria and Paleodictyoptero In 
recent years, an extensive senes of Carboniferous 
and especially Permian species has been desenbed 
which cannot be placed definitely in either of these 
orders Many attempts have been made to divide 
the order into several suborders (e g Handlirsch, 
1937), but there have always remained a great many 
families and genera wliich failed to fit into the pro- 
posed divisions Several of the suborders thus 
formed have subsequently been completely removed 
from the Protorthoptera and set up as distinct 
orders (e g Caloneurodca), but these moves have 
had little effect on the extreme heterogeneity of the 
remaining Protorthoptera Martynov has at- 
tempted (1938b) to obtain some homogeneity by 
restricting the order so as to include only the Paleo- 
zoic saltatonal Orthopteroids; the non-saltatorial 
forms he places in a distinct order, Paraplecoptera 
Even if such a classification is assumed to have a 
phylogenetic basis, which seems dubious, it is obvi- 


* This is indicated clearly in the photograph of the 
Harvard specimen of P jtenjncua published in the 
Annals of the Carnegie Museum, 1934, vol 22, pi 24, 
fig 2 It should be noted that as a result of an error 
which escaped my attention in the proof, the caption 
under this figure is incorrect. It should read, “A 
Caloneund from the Lower Permian of Kansas, No. 
4652, Museum of Comparative Zoology Note the 
thickness and convexity of the cross-veins. About 
x5” Tins photograph of perspicua was included for 
comparison with CaUmeurella carbonaria, described in 
the text 
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ously impractical, for the leg structure is unknown in 
more than four-fifths of the species which have been 
placed in the Protorthoptera. 

In my opinion, most of the difficulties encountered 
in the taxonomy of the Protorthoptera have resulted 
from two factors In the first place, many of the 
species, genera and families have been founded on 
small wing fragments, too incomplete to permit 
determination of their affinities Such fragmentary 
material will have to be ignored in the formation 
of a taxonomic system within the order In the 
second place, many of the species have been so 
incompletely and inaccurately described that their 
true affinities have not been apparent The majority 
of the known Protorthoptera are from the Carboni- 
ferous and have been described by Scudder, Brongm- 
art, Meunier and Handlirsch. The figures and 
descriptions of Scudder and Brongniart, though 
accurate and complete enough for the need of their 
times, do not include many details (as convexity and 
concavity of the veins) which are now essential, 
those of Meunier, as is well known, are totally unre- 
liable, and those of Handlirsch, though better than 
Meunier’s, are usually incomplete and very erratic 14 
The deplorable state of the literature on the Protor- 
thoptera convinced me several years ago that a 
"revision” of the Carboniferous Protorthoptera, 
based on published figures and descriptions, would 
in no way ameliorate the taxonomy of these insects 
For this reason I have spent a large part of the past 
three years in a study of the type specimens of this 
group of fossils, both European and North American 
This task has now been completed and the drawings 
and descriptions are being assembled for publication 
A discussion of the classification of the Protorthop- 
tera will be included there In the present paper and 
m the subsequent part m this series, I shall use the 
term Protorthoptera in a broad sense, and shall not 
attempt to anticipate the account of the Carboni- 
ferous species 

Family Probnisidae 

The family Probnisidae was established by Sel- 
lards (1909) in the Protorthoptera for a series of 
insects from the Elmo limestone having coriaceous 
fore wings and a Protorthopterous venation. Up to 
the present time the family has not been found in 
any other formation, so that our knowledge of it is 
restricted to the data provided by the Kansan fos- 
sils. Sellards described four genera and eight 

14 For an example of the confusion resulting from the 
work of Handlirsch and Meunier, see my note on the 
Commentry Caloneuridae (Carpenter, 1934, p. 325- 
326). 


species in this family, but Tillyard, after a study of 
nearly a hundred specimens in the Yale collection, 
was able to demonstrate that all of these genera and 
species really represented a single variable species, 
Probnia apecioaa Sellards 11 From my study of the 
Harvard collection of Probnisids, numbering about 
250 specimens, I am convinced that his synonymy 
is absolutely correct and also that the family Prob- 
nisidae is now known to us by only this species. 

The representatives of this insect in Sellards’ col- 
lection consisted of isolated fore and hind wings, 
but a number of the specimens which were in the 
Yale collection and which were described by Tillyard 
show parts of the body In the Harvard collection 
there are many additional specimens with body 
structures preserved, so that we are now able to 
obtain an unusually good concept of the general 
structure of this insect Sellards placed the Probni- 
sidae m the Order Protorthoptera, but Tillyard 
concluded from his study of the Yale fossils that 
they were aquatic in their nymphal stages and there- 
fore belonged to the Order Protoperlana. I do not 
agree with this conclusion I believe that the 
nymphs of Probnia were terrestrial and that the 
genus was closely related to the Gerandae, iBchno- 
neurklae and other Orthopteroids which have been 
placed in the Protorthoptera The reasons for this 
view, as well as corrections to Tillyard’s comments 
on my concept of the Protoperlaria, will follow the 
detailed description of Probnis speciosa. 

The Probnisidae may now be characterized as 
follows Insects of moderate size Head rather 
small, eyes prominent and protruding laterally; 
antennae shorter than the thorax, robust. Thorax 
large and broad; prothorax short, with a small 
notum and a pair of moderate-sized but distinct 
lateral lobes, slightly overlapping the mesothorax; 
legs heteronomouB, the prothoracic pair much 
shorter than the hind or middle pair, the tibia of 
all legs forming distally a senes of conspicuous 
finger-like projections, these being largest on the 
fore legs, tarsi apparently 3-segmented Abdomen 
long and robust, cerci short Fore wing slightly 
granular in appearance, coriaceous, but not elytn- 
form; Sc terminating on the costa before the apex 
of wing; R1 unbranched, extending to apex; Re 
arising m the proximal half of the wing, unbranched; 
MA and MP separating at about the level of the 
origin of Rs, both of these veins very variable in 
respect to branching; CuA and CuP separating close 
to the base of the wing; CuA dividing shortly after 
its origin into two main branches, CuAl and CuA2; 

“ With the possible exception of one unrecognizable 
species, Lseopterum dehcosum Sell. 
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CuAl gives rise to a variable number of arched 
branches along the posterior margin of the wing, 
CuA2 usually simple; CuP unbranched, straight; 
1A straight and usually simple. Hind wing, mem- 
braneous, but with a definite trace of the wrinkles 
which are better developed m the fore wing, costal 
space much narrower than m the fore wing; Sc and 
R1 essentially as in the fore wing, Rs arising almost 
at the very base of the wing, unbranched, MA and 
MP simple (usually) or forked; CuA separating 
from CuP at the very base of the wing and giving 
rise to several arched branches similar to those of 
the fore wing, except that they are usually longer, 
CuP straight and unbranched, terminating at the 
re-entrant angle of posterior margin, anal fan well 
developed, with at least six main veins, all of these 
arising from a single proximal stem 
Tillyard recognized two genera in the family in 
addition to Probrna itself Ijecoplerum Sellards and 
Telactmopteryx Tillyard The former genus was 
based upon a single fore wing (dehcosum Sell), 
which was inadequately described by Sellards, with- 
out a figure The type specimen was missing from 
the Sellards’ collection when I studied his types in 
1927 Since the identification of further specimens 
of dehcosum is almost hopeless, as pointed out by 
Tillyard, I propose to regard the name Lecopterum 
delicosum as a nomen nudum Telactmopteryx was 
based upon a single species (s tnatipenms Till ) and 
placod in a separate subfamily In my opinion this 
species does not belong to the Probnisidae Its eyes 
are very small, the prothoracic lolies almost absent, 
the tibiae are unmodified, the cerci multisegmented, 
the wings lack the granulation described above in 
Probms, and their venation is distinctly different 
from that of the latter genus I therefore establish 
a distinct family, Telactinopterygidae, for this 
genus Probms consequently remains the only 
known genus of the family Probnisidae 

Genus Probms Sellards 

Probnis Sellards, 1909, Amer Joum Sci , 27: 159; 

Tillyard 1937, ibid , 33: 417 
Espira Sellards, 1909, ibid , 27: 160 
Stoichus Sellards, 1909, ibid , 160 
Stmus Sellards, 1909, ibid , 161 
Since only one species of this genus is known, and 
that one species has a very variable venation, it is 
impossible to do more than to suggest generic 
characteristics. Tillyard has given a very detaded 
acoount pf the venation under the genus, but nearly 
all of his statements are clearly specific rather than 
generio in nature; Tillyard himself apparently real- 
ized this, since he completely omitted description of 


the venation under the species. In all probability 
such general body characteristics as the relative 
size of the prothoracic lobes and the relative length 
of legs and cerci are of generic rank; and very likely 
also such general venational characteristics as the 
approximate position of the origin of Rs and MA 
are in the same category I regard the peculiar 
coriaceous texture of the wings as a family trait, 
rather than a generic one, as it was treated by 
Tillyard. 

Genotype. Probnis speciosa Sellards 

Probms speciosa Sellards 
Figures 15, 16 

Probnis speciosa Sellards, 1909, Amer Joum Sci , 

27: 159, Tillyard, 1937, ibid , 33: 417 
Probms conacea Sellards, 1909, ibid 160 
Espira obscura Sellards, 1909, ibid • 160 
Stoichus elegans Sellards, 1909, ibid. 160 
Stoichus arcuatus Sellards, 1909, ibid 161 
Stoichus minor Sellards, 1909, ibid • 161 
Stoichus tenuis Sellards, 1909, ibid 161 
Stmus brem-cubitalis Sellards, 1909, ibid • 161 
Probnis sellardsi Handlirsch, 1919, Denkschr der 

Akad Wiss Wien, 96 : 33 

Fore wing length, 9-14 mm.; width, 3-4 mm 
Costal space narrow, almost always with a few vein- 
lets, sometimes with many, Sc ending at about 
mid-wing, its actual point of termination usually 
obscure because of the vein’s faintness, Sc is nearly 
straight in most specimens, but is distinctly curved 
in others, R usually joined to Sc or to the costal 
margin by several veinlets, which are oblique and 
often forked beyond the end of Sc, R1 and Rs 
unbranched, MA and MP consistently diverging at 
about the level of the origin of Rs, both MA and 
MP are unbranched in about 50% of the specimens, 
but either one or both may be forked, though the 
forks do not extend at most to more than a third of 
the wing length from the apex, MP is usually weak 
proximally; CuA is the strongest vein in the wing 
and it is also the most variable; CuA2 usually arises 
quite near the base of the wing. The marginal, 
arched branches of CuAl vary from four to nine, the 
distal branches being longer than the proximal ones, 
CuP ib always weak and straight; the anal veins are 
highly variable, but at least 1A and 2A are usually 
recognizable 

Hind wing shorter than fore wmg, 7-12 mm. in 
length; Sc close to margin, ending beyond mid-wing, 
usually with a series of short distal veinlets, R1 
with longer distal veinlets between it and the costal 
margin; Rs arising from RI at a point nearer the 
base of the wing than in .the fore wing; Rs always 
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Figure 15 Probrns specwaa Sell. Restoration based on specimens in the Harvard cbllcction lettering as 
in figure 8 

uni iran died (not forked as drawn by Tillyard),MA longitudinal veins in the wing proper are distinct 
and MP separating at a point nearer the base than and their structure is essentially like that shown in 
in the fore wing; both may be either forked or the accompanying figure (15) All other specimens 
simple; CuA with at least two distal branches, usu- of hind wings of this insect, whether isolated or 
ally three, CuP straight, 1A very nearly straight, attached to fore wings, have a similar venation, 
all the other anal veins may be an extension of 2A, Many specimens in the Harvard collection show 
since all arise from a single stem, the first vein below various body structures The following description 
1A is simple, the next forked and the others usually and measurements are based upon this material, 
simple The entire body, exclusive of the cerci, is about as 

It should be noted that Tillyard’s description and long as the fore wing The head, which is apparently 
drawing of the hind wing of s pcciosa are incorrect prognathous, is about as wide across the eyes as it 
in several respects Its arises much nearer the base is long (1 8 mm ) The eyes are strongly protu- 
of the wing than is shown in his figure and it does berant, as they wore depicted by Tillyard in his 
not fork; M is forked at about the level of the point restoration of the head (1937, figure 7) The anten- 
where he has indicated the origin of Rs, instead of nae, which are approximately 2 mm. long, are 
at mid-wing, CuA has two distal branches, between inserted just in front of the eyes and contain about 
1 A and the vein which he labels 2A there is a simple 19 segments. The thorax is large and massive, 
straight vein. His drawing was based on an isolated The prothorax is small ( 9 mm. long) and the pro- 
hind wing in the Yale collection (15560), I have thoracic lobes are of moderate size (l mm long, 
examined this specimen very carefully and compared 2 mm wide), and slightly overlap the mesothorax. 
it with hind wings in the Harvard collection Hie The mesothorax is the largest thoracic segment 
specimen figured by him is very poorly preserved, (1.6 mm long, 2 3 mm. wide); the mesonotum is 
and the anal veins connot be distinguished satis- large and more or less cordate m form. The meta- 
faotorily. Under oblique illumination, however, the thorax is smaller than the preceding segment (1.2 
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mm. long, 2 mm. wide) and has a smaller, subcordate 
notum. The three pairs of legs are markedly dif- 
ferent in size The fore pair are 3 mm. long from 
the base of the femur, the middle pair, 3 8 mm long, 
and the hind pair 5 5 mm long The femur of all 
legs is moderately robust and of ordinary form, but 
the tibiae are most peculiarly modified. Each tibia 
terminates distally in a group of four finger-like 
projections 11 The fore tibiae, which are distinctly 
flattened and broadened distally, bear the longest 
projections The processes are obviously not move- 
able spines but appear to be rigid extensions of the 
tibia itself Several large, oblique spines are present 
along the sides of the hind tibiae, though I have not 
seen them on the other legs. The tarsus is attached 
to the tibia between two of the projections, appar- 
ently slightly on the dorsal surface of the tibia All 
tarsi are small (about 7 mm ) ; those of the hind 
legs are 3-segmented, the first two segments being 
small, and the third about three times as long as 
the others w I have not been able to determine the 
nature of the segmentation of the middle and fore 
tarsi but it was almost certainly like that of the 
hind tarsi The abdomen is nearly homonomously 
segmented. There is absolutely no indication of 
lateral gill-vestiges, like those in the Lemmato- 
phoridae (Protoperlaria). The cerci are stout and 
composed of 7 segments 

Types: the holotype of speaosa, originally in the 
Sellards’ collection, was lost in 1927. A neotype 
(no. 15518) was selected by Tillyard from the Yale 
material. 

This insect is a common one in the Elmo lime- 
stone. Tillyard listed 99 specimens in the Yale 
collection; I find 37 in the Sellards’ collection and 
about 250 m that of the Museum of Comparative 
Zoology These make a total of about 385 speci- 
mens. The accompanying restoration of this insect 
(figure 15) is based upon several specimens in 

11 Tillyard’s figure of the “fore leg” of ipeciosa 
(1937, fig 7) does not indicate these tibial projections. 
My examination of the specimen on which he based 
hia drawing (no 15548, Peabody Museum) has shown 
that the leg figured was actually one of the middle pair 
and that the projections were broken away in the 
counterpart of the fossil, which was not collected. 
One fore leg of this specimen was preserved but it was 
covered by limestone matrix and Was consequently not 
seen by Tillyard I have subsequently removed the 
matrix, so that the complete tibia, with the projections 
described above, is now visible. 

14 Tillyard has drawn the tarsus of tpeciota (1987, 
fig. 7) with 5 segments, but this segmentation was pure 
assumption on his part, since, as he states, none of the 
Yale specimens showed the tarsal segmentation 


the Harvard collection. All structures shown 
in the figure are preserved in at least one of the 
fossils, except the middle and fore tarsi, which have 
been drawn like the hind pair. 

There are two features of this species which are 
especially noteworthy. One of these is the texture 
of the wing membrane and the other is the form of 
the tibiae As both Sellards and Tillyard stated, 
the fore wing has a distinctly coriaceous appearance. 
In all probability, however, the wing was not as 
thickened and heavy as that of even most cock- 
roaches (such as Blabenm), for a great many of the 
specimens of Probnis have the fore wings twisted or 
folded, a condition which would hardly have taken 
place had the wing been very stiff. As Tillyard has 
mentioned, the granular appearance of the wing is 
produced by the presence of protuberant bases of 



Figure 16 Probnts tpectosa Sell. A, Drawing of 
fore tibia, baaed on specimen no 4615 and 4613, Mus 
Comp Zool B, drawing of hind tarsus and part of 
tibia, based on specimen no 4619, Mus Comp. Zool. 

microtnchia, which are almost evenly distributed 
over the surface In only one specimen have I 
actually seen any of the microtrichia themselves; in 
this fossil they are very short and thin. Tillyard 
has stated his belief that the fore wings had soft, 
wavy hairs, forming a woolly coveting. So far as I 
can determine, however, he did not actually see 
such hairs and I have failed to discern them in any 
specimens, including those in the Yale collection. 
Oddly enough, the subcosta of the fore wing was 
armed with a series of large spines, on the under- 
surface only. These spines, which are directed pos- 
teriorly extend almost the entire length of the vein. 
The significance of the wing texture and of the 
presence of the spines on the subcosta are not at all 
apparent; they may be in some way associated with 
the insect’s habits or with the environment in which 
it occurred In connection with the modified tibiae, 



THE LOWER PERMIAN INSECTS OF KANSAS. PART 9 


81 


it is noteworthy that the tarsi are distinctly sup- 
pressed. I have the distinct impression that the 
tarsi arose from the dorsal surface of the tibiae 
rather from the ventral side. The function of the 
tibial projections is very puzzling. They hardly 
seem of predatory significance, though this would be 
borne out by the prognathous head. The fore legs 
resemble those of the Gryllotalpids, and oertauily 
suggest a fossorial function, but the structure of the 
other legs and of the rest of the insect does not sup- 
port this indication. At present I am inclined to 
the belief that the tibiae might have played a part 
in climbing; this is consistent with the presence of 
the strong spines on the hind femora and of the 
modification of all tibiae 

In synonymizing seven of Sellards species and 
three of his genera with speciosa, Tillyard was 
unquestionably correct, and I have considered it 
unnecessary to present further evidence for this 
from the material in the Harvard collection 
Handlirsch established one additional species for an 
incomplete hind wing which Sellards figured without 
attempting to determine its generic position This 
is of course another synonym. 

Nothing is known about the immature stages of 
Probnu. Tillyard has stated that the abdomen of 
the adult shows a mottled pattern which assisted 
him to recognize as belonging to this species one of 
the commoner larval types in the Yale collection 14 
His statement regarding the mottled pattern of the 
adult abdomen puzzles me greatly, for I have seen 
no indications of such a pattern in any specimens, 
including those in the Yale collection I do not be- 
lieve there is any evidence whatever for associating 
the nymphs mentioned with the genus Probnis. 

Relationship of the Probnisidae 

After his study of the Yale specimens Tillyard 
came to the conclusion that the Probnisidae were 
aquatic in the nymphal stages and belonged to the 
Order Protoperlaria, and he presented a senes of 
arguments to support this view. I do not believe 
that he has really proved his case, however It is 
my conviction that the Probnisidae had terrestrial 
nymphs and that they were Protorthopterous inseots 
related to the Geraroidea Before discussing the 
evidence beanng on this question, however, we must 
first consider the differences between the Protoper- 
laria and Protorthoptera. In my account of the 
Protoperlaria of the Elmo limestone (Part 7 of this 
series), I showed that: 

1 Prothoracic lobes like those of the Lemmato- 

14 Throughout his paper Tillyard uses the term larvae 
in a broad sense, i. e , including nymphs 


phondae (the family on which the Order Protoper- 
laria was based) were likewise present in at least 
some of the Protorthoptera and could not therefore 
be used to distinguish these two orders, as had been 
proposed by Tillyard 

2. The wing venation of the Lemmatophondae 
was so similar to that of some of the Protorthoptera 
that this alone could not distinguish the two groups 

3 The nymphs of the Lemmatophondae were 
aquatic, possessing abdominal tracheal gills and 
swimming legs (This statement was based upon 
an extensive series of nymphB from the Elmo 
limestone in the Museum of Comparative Zoology ) 

4 The Lemmatophondae lacked a fully developed 
external ovipositor. 

5. Most, if not all, of the families of Protorthop- 
tera in the Elmo limestone included species with a 
fully developed external ovipositor in the female. 

My final conclusions were that the Order Pro- 
toperlana should be restncted to include only species 
having aquatic nymphs, and that so far as known, 
the Lemmatophondae was the only family that 
would fit into the order as so defined. 

My views on the relationship between the Pro- 
toperlana and Protorthoptera were stated as follows: 
the order Protoperlaria “stands in direct evolution- 
ary line leading to the Perlana, although it is very 
unlikely that any of the genera now known were the 
progenitors. The fossils indicate that since the 
Lower Pennian the evolution of this Perlanan line 
has resulted in the reduction of the number of tarsal 
segments, the elimination of the prothoracic lobes 
and the posterior media of the fore wing, the nearly 
complete loss of the vestiges of an external ovipositor 
and the lateral abdominal gills of the nymphs and 
adults. In respect to these and other features the 
Protoperlaria are intermediate between the true 
Protorthoptera and Perlana, for 5-segmented tarsi, 
prothoracic expansions, an external ovipositor were 
possessed by at least some of the Protorthoptera 
The close relationship between the Orthoptera (s. 
lat ) and the Perlana is now generally recognized by 
entomologists, and the Perlana are frequently 
regarded as Orthoptera which adopted an aquatic 
mode of existence m the immature stages, forming 
a divergent branch of the Orthoptera. The Proto- 
perlana of the Lower Permian appear to represent 
the beginnings of that divergence.” 16 

14 Zeuner (1939, p. 47) has objected to the inclusion 
of insects with prothoracic expansions in the Protor- 
thoptera on the grounds that “Handlirsch defined the 
Protorthoptera by the absence of these expansions ” 
1 am afraid that he is mistaken m this, for Handlirsch 
makes no mention of either the absence or presence of 



In spite of these statements, which I consider to 
be clear, Tillyard misconstrued my remarks in his 
discussion of the Probnisidae, implying that I dis- 
tinguished between the Protoperlana and Protor- 
thoptera only by the presence or absence of the 
ovipositor, and that I attempted to prove a correla- 
tion between the absence of a complete external 
ovipositor and the aquatio habitat of the nymphs 
He then comes to the conclusion, which he appears 
to regard as original with him, that the Protoper- 
laria should be restricted to include “those forms 
which possessed aquatic larvae [nymphs ]” This is 
precisely the conclusion which I had previously 
reached 

Having adopted this restriction for the Protoper- 
lana, Tillyard places the Probnisidae in that order 
His reasons for doing so are given by him as follows 

“Now there are nineteen specimens of larvae 
[nymphs] in the Yale collection Of these one be- 
longs to a large Protorthopteron . The other 
eighteen are all evidently aquatic types, either com- 
plete or nearly bo, and they all belong quite as 
evidently to the Protoperlana, and not to Plec- 
toptera or Odonata, though both of these Orders 
also occur in the Kansas beds 

“While retaining completed results of my larval 
study for a later paper, it is necessary to state here 
that I have been able to recognize two quite distinct 
types of larvae m the Yale collection over and above 
those desenbed by Carpenter, and that I feel confi- 
dent that these two types represent the larvae of the 
genera Paraprisca (Lemmatophondae) and Probnis 
respectively As Probnis is one of the most abundant 
types represented in the collection, we should expect 
to find its larva fairly common also, if it were an 
aquatic types, and such, indeed proves to be the case 

“We now have a primafane case for including the 
Probnisidae within the Protoperlana They fulfill 
the definition laid down by me [sic!] earlier in this 
paper that they should possess aquatic larvae and 
prothoracic expansions or lobes m the adult ” 


such expansions in his definition of the order (Die 
fossilen lnsekten, 1906, p 128) Handhrsch’s statement 
about t lie prothorax is " der Prolhorax gross, oft stark 
verlangert ” However, even if it were true that Hand- 
hrsch’s definition of the order characterized the Protor- 
thoptera by the absence of prothoracic expansions, that 
,«m»uld not prevent the inclusion of species with them in 
' the order The concept of any taxonomic category, 
whether order, family, genus, etc , is continually being 
changed as new species aro found A flexible concept 
is especially necessary for extinct categories, since our 
knowledge of them is acquired only by the accumulation 
of a f^jfacts at infrequent intervals. 


I have quoted this passage in full in order to pre- 
sent in Tillyard ’s own words the evidence for his 
conclusion. Briefly stated, of course, he claims to 
have found specimens of aquatic nymphs in the 
Yale collection which belong to Probnis. He gives 
two reasons for associating these nymphs with the 
adults of the latter genus 1) Since Probnis is one of 
the most abundant insects represented in the Yale 
collection, its nymph, if aquatic, ought to be fairly 
common 2) One of the "common’’ nymphs with 
aquatic modifications has an abdominal pattern like 
that of the adults of Probnis 
In my opinion, Tillyard was not justified in 
drawing the conclusions which he reached. Follow- 
ing Tillyard ’s death, in 1938, the Yale specimens from 
the Elmo limestone were turned over to me for study 
by the authorities of the Peabody Museum. In- 
cluded in a box marked “larval types” are the 
nvmphs to which Tillyard obviously had reference 
in his paper on the Probnisidae I find m this box 
twenty-one nymphs (two more having turned up in 
the collection since Tillyard wrote his account of 
Probnis), of which fifteen are like those described by 
me as Lemmatophorjds, and which obviously belong 
to that group, as stated by Tillyard The other six 
specimens comprise the Protorthopteron mentioned 
by Tillyard and five poorly preserved nymphs which 
are quite different from the Lemmatophonds 
These are without doubt the specimens which Till- 
yard regarded as the young of Probnis Similar 
nymphs are present in the Harvard collection, but 
I did not mention them in my account of the imma- 
ture stages of the Lemmatophondae, because I felt 
certain that they did not belong there. All of these 
nymphs are characterized by having a pigmented 
pattern on the dorsum of the thorax and abdomen. 
Tillyard’s statement that these nymphs are “fairly 
common” m the Yale collection is very surprising 
in view of the actual presence of only five specimens 
Even in the combined Harvard, Yale and Sellards 
collections from Elmo, an aggregation of over 10,000 
specimens, I find a total of but 15 of these nymphs 
They appear to me to be very rare rather than fairly 
common, and as such would hardly fit Tillyard’s 
requirements for the nymphs of Probnis, viz , “As 
Probnis is one of the most abundant typos repre- 
sented m the collection, we should expect to find its 
larva also fairly common if it were an aquatic type. ” 
As to the pattern on the abdomen and thorax, I 
have been completely unable, as stated above, to 
find any trace of this on the adults of Probnis, 
including the material in the Yale collection There 
are, of course, the irregular blackened areas caused 
by the breaking away of part of the carbonized body, 
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but suoh areas are nearly always present in all the 
Elmo insects which have body parts preserved. It 
is possible that Tillyard misinterpreted the signifi- 
cance of these blackened areas, although one would 
suppose that he would have noted them in the Lem- 
matophoridae and other common species Of course, 
if the adult Probnisidae actually had a mottled 
pattern on the abdomen even remotely resembling 
that of the nymphs mentioned, I would consider 
this strong and even conclusive evidence of the 
association between the nymplis and the adults 
There is one structural feature of the Probnisid 
adults which indicates that their immature stages 
were not aquatic The adults of the Lemmato- 
phoridae (Protoperlana) possess lateral abdominal 
projections which have been interpreted by Tillyard 
and me (Carpenter, 1935, p 143) as vestiges of the 
lateral tracheal gills present in the nymphs No 
such structures occur in the adults of Probrns, as 
was observed by Tillyard Now while it is of course 
true that the presence of such gill vestiges is not at 
all necessary in adults having aquatic nymphs, 
nevertheless their constant presence in all known 
genera of Protoperlana would at least lead us to 
expect them (but not require them) to be present in 
other members of the group Their absence in the 
adult Probnisidae is at least an indication, however 
slim, that these insects did not have aquatic nymphs 
If the nymphs of the Probnisidae were terrestnal, 
then the family is eliminated from the Protoperlana, 
as that order has been defined In this connection, 
it is pertinent to note that a companson of the 
structure of the Probnisidae (adults) with that of 
the Lemmatophoridae, on which the order Proto- 
perlana was established, gives added support to the 
view that the Probnisidae are not so closely related 
to the Lemmatophoridae as Tillyard believed The 
head of the Probnisids was prognathous, whereas 
that of the Lemmatophonds was hypognathous, the 
antennae of the Probnisids were relatively short and 
stout, whereas those of the Lemmatophonds were 
very long, slender, and multisegmented , the tarsi of 
the Probnisidae were 3-segmented and the tibiae 
were peculiarly modified, whereas the tarsi of the 
Lemmatophonds were five segmented and the tibiae 
were normal, the cerci of the Probnisidae were short 
and had few segments, whereas those of the Lemina- 
tophorids were long and multisegmented. The vena- 
tion of the Probnisidae is like that of the Lemma- 
tophonds in most respects, it is true, but I have 
repeatedly pointed out that the venation of the 
Protoperlana, as represented by the Lemmato- 
phorids, and that of many of the Permian Protor- 
thoptera are so much alike that it is not possible to 


distinguish ordinal differences on the wing venation 
alone 

It is my conviction, therefore, that the Probni- 
sidae had terrestrial nymphs and were members of 
the Order Protorthoptera (suborder Geraroidea) 
Their closest relatives as far as known were the 
Lepudae, a family represented in the Elmo limestone 
by Lepiurn dongatum Sellards This latter insect, 
which was referred to the Protorthoptera by Till- 
yard, will be dealt with in the next part of this series 
of publications. 
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Figure 1. Megalypua schucherti Till (xl) Photo- 
graph of specimen no. 4633, Museum of Comparative 
Zoology. 

Figure 2 Apttdoneum flexa, n sp. (x6). Photo- 
graph of liolotype, no 4572, Museum of Comparative 
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Early in the experimental studies on Trypanosoma 
lemsi it was discovered that rats having spontane- 
ously recovered from an infection are refractory to 
reinfection (Kanthack, Durham and Blanford 1 ) 
The immunity thus acquired lasts, with an occasional 
exception, for the life of the rat The numerous 
immunological studies with T. lemsi have been 
chiefly centered on determining the factors involved 
in the recovery of rats from an initial infection 
(Taliaferro, 2 Rcgendanz and Kikuth,® and others) 

Our knowledge of the defense mechanism against 
reinfection is at present meager and largely based on 
in vitro studies Only a few observations have been 
made directly on the parasite during the course of 
reinfection Laveran and Mesnil 4 noted that when 
recovered or hypenmmumzed rats are inoculated 
intraperitoneally with living T lemsi the parasites 
seldom appear in the circulating blood They l>e- 
heved that phagocytosis was the chief mechanism 
involved in both active and passive immunity 
Agglutination of the parasites was observed by 
Laveran and Mesnil, but they did not consider it an 
important event in the defense mechanism siuce 
the parasites were apparently uninjured by the 
reaction 

Recent workers have generally failed to observe 
typical phagocytosis of trypanosomes Taliaferro 6 
has noted trypanosomes attached to leucocytes 
under conditions similar to the experiments of 
Laveran and Mesnil and when inactivated immune 
rat serum was mixed with washed T lemsi and 
washed guinea pig leucocytes It would appear 
that, at the present tune, phagocytosis is not con- 
sidered to be the important or usual manner of 
destruction and disposal of T lemsi m either the 
initial infection or in reinfection 

Taliaferro 6 injected intravenously large quantities 
of washed adult trypanosomes into recovered rats — 
but otherwise normal — and also into recovered rats 
splenectomized during the course of their initial 
infection. In the first experiments, 27 rats were 
inoculated from 6 to 325 days after the end of the 


initial infection. There was no apparent correlation 
between the length of time from recovery to the 
second inooul&tion and the duration of the reinfec- 
tion No reproduction by the parasites was noted 
in 8 rats whose reinfections lasted from 2 to 3 days 
Dividing forms occurred in 6 rats whose reinfections 
lasted 2 to 13 days and, for the others, the trypano- 
somes remained in the blood too short a time to 
determine reproductive activity In many of the 
rats recovery was apparently rapid, since “the • 
parasites were swept from the blood m 5 to 15 
minutes ” To what extent reproduction developed 
and whether a numerical increase of trypanosomes 
occurred is not stated In the splenectomized 
series, 10 rats were reinfected from 31 to 353 days 
after the end of the initial infection The reinfec- 
tions lasted from 1 to 40 days and m 2 rats “slight 
variation” of trypanosomes but no division was 
noted It was concluded that, in most cases, the 
trypanocidal antibody is so strong m recovered rats 
that it is largely effective before the ablastin (repro- 
duction-inhibiting antibody) has time to play any 
particular r61e. The nature of the trypanocidal 
antibody lias not been determined, but according to 
Taliaferro,* it is a lytic antibody which may act as 
an opsonin in vivo In vivo studies, thus far, have 
failed to indicate the specific character of this 
antibody 

From a review of the literature it would appear 
that in most attempts to establish reinfection the 
experimental animal was injected intraperitoneally 
with a dilute suspension of infective blood Since 
trypanosomes injected into the peritoneal cavity 
must traverse one or more lymph nodes before they 
can enter the blood stream, the possibility was early 
considered that in spontaneous recovery the lj mph 
nodes might become “sensitized” and thus produce 
an effective barrier against the parasites entering 
the circulation 

In the present study, experiments designed to 
gam information on this question clearly demon- 
strated that trypanosomes pass without hindrance 
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and as readily through the lymph nodes of a rat 
spontaneously recovered from previous infection as 
they do through the nodes of a normal, susceptible 
rat (Augustine 7 ' 8 ), and that they then appear with 
equal promptness in the circulation Further in 
vivo studies, herein reported, revealed some phe- 
nomena in the defense mechanism against reinfec- 
tion. From these studies it is apparent that 
ablastm, the reproduction-inhibiting antibody be- 
'heved to play an important r&le in recovery from 
an initial infection, 8 appears to be absent or non- 
operative in reinfection Rapid recovery from 
reinfection appears to be due entirely to the action 
of the trypanocidal antibody, to which the dividing 
trypanosomes are particularly vulnerable, and by 
which they are first immobilized or killed and are 
then phagocytosed by the circulating mononuclear 
leucocytes, and by which the adult parasites are 
agglutinated but not killed, and are then mechani- 
cally removed from the circulation and destroyed 
in the liver and probably also in the spleen. 

Material and Methods 
The present experiments were made with the 
same strain of trypanosomes ( T lewisi) used m our 
earlier studies 7 ' 8 It was originally obtained in 
1938 by Dr. E E Tyzzer from a wild rat trapped in 
South Boston The strain has since been main- 
tamed m the laboratory in cultures and in albino 
rats, originally of Wistar stock, and which are be- 
lieved to be bartonella-free. The experimental rats 
were of this same laboratory-bred stock 
The procedures m the present series of experi- 
ments are essentially the same as those followed in 
our earlier studies 7,8 The experimental rats were 
injected with great quantities of trypanosomes. To 
obtain these, rats, previously inoculated and whose 
bloods were heavily parasitized, were etherized, the 
thoracio cavity exposed, and bled to death from the 
heart into a synnge containing a small amount of 
heparinized saline The blood was then diluted 
several times with normal saline and centrifuged at 
a medium speed until most of the blood cells were 
thrown down The supernatant fluid was then 
removed and centrifuged a second time for about 
twenty minutes at high speed. The supernatant 
of this centrifugation was discarded and the try- 
panosomes were collected with the leucocytic layer 
of the sediment. More saline was added to the 
remaining sediment of the first centrifugation, 
which sediment always contained an appreciable 
number of trypanosomes, and after one or more 
centrifugations and separations the trypanosomes 
collected were added to those already obtained. 


The total number of trypanosomes obtained was 
estimated by the usual hemooytometer method and 
the lot was then immediately inoculated into the 
peritoneal cavity of the experimental rat. The 
parasites m the experimental rat were studied in 
fresh samples of blood obtained from the tail or a 
toe, blood films stained by Wright’s method, in 
fresh teased tissue m salme and in fixed sections of 
tissue stained with eosm and methylene blue or by 
Delafield’s hematoxyhn-eosin method. The degree 
of reproductive activity was evaluated by determin- 
ing the percentage of parasites with a divided kineto- 
plast or nucleus m the stained blood preparations. 
A total of 200 parasites were carefully examined for 
evidence of cell division Cells m the process of 
dividing into two or more units were counted as a 
single dividing cell 

Results 

The first series of experiments were performed to 
determine if lymph nodes become effective filters 
against trypanosomes as a result of spontaneous 
recovery from previous infection Four rats (Nos 
201, 202, 203, 204) whose initial infections lasted for 
about 9, 27, 44 and 69 days were each reinoculated 
mtrapentoneally with more than 330 million adult 
trypanosomes 27, 37, 14 and 68 days, respectively, 
after the approximate end of their first infections 
A fifth experimental rat (No. 307) whose initial 
infection lasted approximately 48 days was similarly 
remoculatcd 112 days later with young trypano- 
somes undergoing rapid multiplication, the infection 
in the donor had been allowed to run for 5 days. 
Samples of blood from all 5 rate taken 5, 15 and 30 
minutes following the inoculations were negative 
The first positive sample was obtained after about 
40 minutes from rat 202 and samples from the re- 
maining rats were positive within the first hour 
The trypanosomes were active and apparently un- 
harmed during their journey from the peritoneal 
cavity through the lymphatics into the blood stream. 
Fluid aspirated within 30 hours from the peritoneal 
cavity of these rate always contained active and 
apparently normal trypanosomes free from host 
cells None was found after 48 hours. There was 
no evidence of their destruction in the peritoneal 
cavity 

A sixth rat, No. 310, whose initial infection lasted, 
about 44 days, was similarly remoculated with 800 
million adult trypanosomes 73 days later Within 
an hour trypanosomes appeared in the circulation. 
The blood stream infection was transient, no para- 
sites were found on the following day. Fi/ty-aix 
days later the rat was again inoculated with 400 
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million adult trypanosomes. No parasites were 
seen in the blood samples taken up to 3 hours after 
the inoculation was made. The rat was then killed 
by a blow on the base of the skull, its chest opened 
and the mediastinal lymph nodes examined. Two 
lower nodes were enlarged and reddish, the nodes 
directly cephalad to these appeared normal One 
of the lower nodes was removed and teased apart in 
normal saline. Upon microscopical examination of 
the material, the donor’s blood cells appeared in 
vibrating clusters containing one or more active 
parasites One of the smaller, anterior nodes was 
then removed and similarly examined The prep- 
aration showed normal lymph node structures with 
the exception of a few trypanosomes all of which 
appeared normal and were free from any cell attach- 
ment. Saline washings from the peritoneal cavity 
contained myriads of single, normal-appearing try- 
panosomes 

Clumping of the donor’s blood cells was not 
observed in our former experiments, 7 ' * where the 
experimental rat had received but a single inocula- 
tion. In the present experiment the experimental 
animal received on three occasions infective material 
which always contained an appreciable quantity of 
the donor’s blood cells. The phenomena which 
followed the third injection suggested the possi- 
bility that the successive intrapentoneal injections 
of the blood cells in the inoculum had caused agglu- 
tination in the gland 

The following experiment was made to gam infor- 
mation on this very point 

Two rats, Nos. 311a and 311b, litter mates weigh- 
ing approximately 110 grams each, were inoculated 
with T. lewn cultured on NNN medium The 
infections were first apparent 6 days later and lasted 
about 49 days Five days after the end of the 
infections each rat was inoculated intraperitoneally 
with 200 million adult trypanosomes, the inoculum 
purposely contained an appreciable amount of the 
donors’s washed blood cells Four hours after 
inoculation the rats were killed by a blow on the 
base of the skull and the mediastinal lymph nodes 
examined 

Two other rats, Nos 312a and 312b, litter mates 
of 311a and 311b, were, at the beginning of the 
experiment, given intraperitoneally 2.5 cc of washed 
blood cells from a normal rat. Similar inoculations 
were made at 10-day intervals, each rat receiving a 
total of 6 inoculations. On the fourth day after the 
last injection these rats were inoculated with 200 
million trypanosomes, of the same material as was 
used for their litter mates and approximately 4 hours 
later the rats were killed in a similar manner and the 


mediastinal lymph nodes examined. If, in our 
earlier experiment (rat 310), agglutination in the 
node were due to an acquired immunity to the try- 
panosomes alone, we should expect to observe the 
phenomenon in the nodes of rats 311a and 311b. 
If, however, the masses were due to the repeated 
injections of donor blood cells m the inoculum, we 
should expect agglutination and retention of para- 
sites in lymph nodes of rats 312a and 312b. 

Upon gross examination of the mediastinal lymph 
nodes, one or both of the paired lower nodes of all 
four experimental rats were distended and reddish 
in color from absorption of donor blood cells. The 
cephalad nodes were normal in appearance These 
nodes were removed separately and teased apart in 
saline Upon microscopic examination of the prep- 
arations none showed the slightest evidence of 
agglutination of the donor’s cells In every case 
the trypanosomes moved freely among the blood 
cells without hindrance It would appear, therefore, 
that intranodal agglutination of the donor’s cells 
in the case of rat 310 was a singular phenomenon 
comparable to the occurrence of isoagglutinins and 
isolysins rarely observed in laboratory animals (In- 
gebrigtsen,* Fishbem, 10 and others). 

From the results of these first experiments it can 
be concluded that T. lewisi, when inoculated into 
the peritoneal cavity of rats spontaneously recovered 
from a previous infection, readily progresses into 
the lymphatics, passes without lundrance through 
the lymph nodes and promptly appears uninjured 
in the blood stream The filtration accomplished 
here is, therefore, identical to that which ocours 
when the parasite is similarly inoculated into normal 
susceptible rats 7 

Mechanism in Recovery from Reinfection 

The following experiments are chiefly concerned 
with the interactions of host and parasite following 
the entrance of the trypanosomes into the circulation 
of the rat recovered from one or more previous 
infections In the first group the experimental rat 
was inoculated with adult trypanosomes, i e the 
infections in the donor rats were all 15 or more days 
old In the second group the analogous inocula- 
tions were made with trypanosomes from infections 
only a few days old which showed many of the para- 
sites undergoing multiplication. 

A typical experiment of the first group was as 
follows 

November 10, 1939. Experiment 4 * 

* See Augustine 9 for a detailed account of the initial 
injection in the experimental rat. 
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Initial Infection 

11.55 A M Experimental rat 4, weight 75 gm , 
injected intrapentoneally with 250 million 
adult trypanosomes 

12 15 PM Trypanosomes present in drop of 
blood from tail. 

November 12 

10 45 AM Multiplication of trypanosomes 
started Few normal trypanosomes m fluid 
aspirated from body cavity 
November 16 

10 00 AM. 185,000 trypanosomes per era. 
blood Rate of reproduction diminished 
No trypanosomes from peritoneal cavity 
January 13, 1940. 

Approximate end of initial infection 
Reinfection 

March 27 

11.45 AM. Weight 240 gm Blood negative, 
400 million washed adult trypanosomes in- 
jected intrapentoneally (second inoculation) 

12 45 P M Small drop of blood from tail con- 
tains 2 trypanosomes 

4 45 P M Less than 5,000 trypanosomes per 
emm blood Numerous free, normal-ap- 
peanng trypanosomes in fluid aspirated from 
pentoneal cavity 
March 28 

10 00 A M 15,000 trypanosomes per c mm. 
blood, normal, no variation in size or shape, 
no multiplication Many normal trypano- 
somes m fluid from pentoneal cavity 
4 00 P.M No change from that at 10 00 A M 
March 29 

9 15 A M 20,000 trypanosomes per c.mm 
blood Some variability m size noted, 0 5 
per cent dividing cells A new normal try- 
panosomes in fluid from pentoneal cavity 
2 15 P M No change 
9 30 P M No change 
March 30 

9 00 A M Numerical count unsatisfactory. 
Clusters consisting of up to 40 to 50 parasites 
present in blood samples from tail and toes 
The trypanosomes are attached by their 
posterior tips, their flagella free (figs. 1 and 2) 
Smaller formations consisting of 2, 3, 4, and 5 
individuals similarly attached and single 
parasites also present The clusters are free 
of any attachment to the blood cells. Stained 
smears show an occasional dividing cell 
included in the clusters of adult trypano- 
somes Blood examinations made hourly up 


to 5 00 P.M show no apparent ohange No 
trypanosomes in washings from peritoneal 
cavity 
March 31 

I 00 A M Blood samples taken from tail and 

toes contain many agglutinated masses of 
trypanosomes and a few single parasites. 
Stained smear shows one dividing cell con- 
taining 4 nuclei and 4 kmetoplasts in an 
agglutinated mass of adult trypanosomes 
200AM to 6 00 P M Samples of blood taken 
hourly show no apparent change except that 
fewer trypanosomes were present in the last 
samples taken 

April 1 

8 30 A M No large agglutinated masses. A 

few formations of 2 and 3 individuals and a 
few single trypanosomes (all active) present 
1 00 P M No agglutinated parasites seen m 
several samples of blood A few single, ap- 
parently normal adult forms present 
April 2 

10 00 A M. No trypanosomes found in many 
samples of blood Several drops of blood 
were collected m 3 cc normal saline of which 
3 one-month-old rats (litter mates) Nos. M, 
N and O each received 1 cc intrapentoneally 

II 30 A M Rat 4 (the expenmental animal) 

reinoculated intrapentoneally with 380 mil- 
lion washed adult trypanosomes 

1 30 P M A few single trypanosomes in sample 

of blood from tail Fluid aspirated from 
peritoneal cavity contains myriads of active, 
apparently nonnal trypanosomes. 

April 3 

9 30 A M. No trypanosomes found in several 

samples of blood taken from the tail and toes. 
Trypanosomes relatively numerous m fluid 
aspirated from pentoneal cavity, all normally 
active Several drops of blood collected in 
3 cc nonnal saline of which 3 rats, Nos P, Q 
and R (litter mates of Nos. M, N, O) each 
received 1 cc intrapentoneally Fluid as- 
pirated from peritoneal oavity of rat 4 
similarly inoculated in rat S, 2 weeks old 
April 4 

9 .30 A M, No trypanosomes found in samples 
of blood or in saline washings for pentoneal 
cavity of rat- 4 
April 8 

2 00 P M. Rat 4 negative Blood samples 

from rats M, N, O, P, Q and R negative. 
Blood of rat S swarming with trypanosomes. 
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April 11. 

9:15 A.M Rat 4 negative Blood samples 
from rats M, N, 0, P, Q and R negative 
Blood of rat S swarming with trypanosomes 
April 15. 

10 00 A M No change in conditions m all rats 
from that on Apnl 11. 

January 14, 1941 

3 00 P M Rat 4 Weight 245 gm Blood 
negative for trypanosomes. Reinoculated 
intraperitoneally (third inoculation) with 800 
million washed, adult trypanosomes 

3 45 P M Trypanosomes in blood sample from 
tail 

January 15 

9 00 A M 105,000 trypanosomes per c mm 
blood No dividing cells Numerous active, 
normal trypanosomes in fluid aspirated from 
peritoneal cavity 
January 16 

9 00 A M 95,000 trypanosomes per c mm 
blood, 0 5 per cent dividing cells Very few 
trypanosomes m fluid obtained from peri- 
toneal cavity 
January 17 

9 00 A M 80,000 per c mm blood m winch 
small agglomerations noted No parasites in 
fluid from peritoneal cavity 
January 18. 

9 15 A M Blood samples show trypanosomes 
agglutinated Single trypanosomes also 
present 
January 19 

9 30 A M Blood samples negative Rat killed 
with ether Autopsy shows no gross pathol- 
ogy , tissues removed and fixed for later study 

The experiments of this group quite clearly 
demonstrate that when recovered rats are injected 
intraperitoneally with adult trypanosomes the para- 
sites arrive promptly and uninjured into the circu- 
lating blood Reinfection may last for a few minutes 
only in some rats while in others it may last for 
several days The difference in the duration of 
reinfection is probably due to differences in titer of 
the trypanocidal antibody in different animals at 
the time the transfer is made Reproduction by the 
parasites usually started where reinfection lasted 
for 2 days or longer Reproduction was never 
successful The parasites were agglutinated but not 
killed in blood stream and then mechanically re- 
moved before a numerical increase in the parasite 
population could be evaluated. It appeared that 
their destruction might then take place in the liver 


and spleen by the action of the phagocytic cells of 
the reticulo-endothehal system. 

A study of the stained sections of liver, spleen and 
bone of rat 4 revealed no pertinent pathology. We 
could scarcely expect to find evidence of destruction 
of the parasites in the tissues since several hours 
may have passed between the disappearance of the 
parasites from the blood and the killing of the rat 
for post mortem study 

Precise information on the fate of the agglutinated 
masses of trypanosomes was obtained from a study 
with experimental rat No 20 This rat was remocu- 
lated about 23 days after the end of its initial infec- 
tion with more than 900 million washed adult try- 
panosomes It was killed with ether on the morning 
of the third day of reinfection at which time the 
blood was swarming with large agglutinated masses 
of trypanosomes The rat was immediately autop- 
sied and tissues fixed for later study The spleen was 
3 5 cm long, all other organs appeared normal. 
Bits of liver, spleen and bone marrow teased apart 
in saline showed fairly numerous active trypano- 
somes, most of which were single and without attach- 
ment to any host cells A few agglutinated masses 
were present in the preparations of liver and spleen. 
Stained sections of the liver show normal-appearing 
trypanosomes in the larger blood vessels while in the 
small vessels remnants of agglutinated jiarasites 
with entangled flagella are present (fig 5) The 
macrophages show evidence of phagocytic activity 
but wc liave not l*en able to identify any of the 
inclusions as parts or remnants of trypanosomes 
Normal-appearing single trypanosomes and small 
agglomerations of trypanosomes are occasionally 
found in vessels of the spleen No remnants of the 
parasite have been identified in the spleen but the 
amount of cytoplasmic inclusions m the phagocytes is 
marked No parasites were found in stained sections 
of the femur or in stained smears of bone marrow 

A study of our stained blood smears shows that 
the parasites started to multiply in every instance 
where the second or later infection lasted more than 
2 days Size variation occurred first which was 
followed by the appearance of individuals with 
double nuclei or double kmetoplasts and an occa- 
sional cell containing 4 nuclei and 4 kmetoplasts 
Reproduction was not sufficient to cause numerical 
increase, as the parasites were agglutinated and 
removed from the circulation before a numerical 
increase could be evaluated. Dividing cells are 
frequently found m the agglutinated masses. No 
evidence was found, either in the fresh blood prepa- 
ration or in the stained smears, that the agglutinated 
mass contained dead parasites. The last trypano- 
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gomes seen in the blood following the disappearance 
of the agglutinated masses have always been adult 
forms. They have been few in number, frequently 
only a single parasite in several fresh preparations 
and are seldom found in the stained smears Their 
life span in the blood is short, seldom longer than an 
hour after the disappearance of the agglutinated 
masses. The manner of their disposal is not known. 

From the results of these and pertinent parts of 
seventeen other similar experiments it is apparent 
that when adult trypanosomes are injected into the 
peritoneal cavity of rats recovered from one or more 
previous infections they readily enter and progress 
through the lymphatio system, pass uninjured 
through lymph nodes and promptly appear in the 
blood circulation They are then agglutinated, but 
not killed, in the blood stream and are mechanically 
filtered out and destroyed in the internal organs 
When the blood stream infection lasted more than 
2 days the trypanosomes invariably started to 
multiply but the parasites were agglutinated and 
removed from the circulation before any appreciable 
increase in numbers occurred It is also apparent 
from the results obtained here that the trypanocidal 
antibody is definitely localized in the blood and has 
no effect upon trypanosomes remaining in the peri- 
toneal cavity 

In the above experiments the time m which the 
parasites were demonstrable in the blood varied 
from a few minutes to 5 days As a rule, the elapsed 
time from the end of the initial infection to the 
second infection showed no correlation with the 
duration of the second infection Such variation 
would appear to be due to difference in the ability 
of different rats to produce and retain trypanocidal 
antibody, or in other words, differences in the titer 
of this antibody at the time of reinoculation 

Since there was a definite attempt by the parasites 
to multiply, it seemed likely that successful, or at 
least an appreciable multiplication in such animals 
might develop from inoculations made with young, 
dividing trypanosomes which, as we previously 
demonstrated,* continue to multiply without inter- 
ruption when transferred to a new, susceptible host 
The following experiments are concerned with rein- 
fection from dividing trypanosomes and the defense 
reactions in the immune host. 

A epical experiment of this type follows- 
April 16, 1940. Experiment 300. 

Experimental rat No 312, weight 220 gm., 
inoculated mtraperitoneally with washed 
adult trypanosomes. A normal infection 
(initial infection) developed which terminated 
approximately May 23 


January 20, 1941 Weight of rat 216 gm. 

10*16 A.M. Inoculated with 400 million try- 
panosomes collected from a rat with an 
initial infection 6 days old. 4 0 per cent 
dividing cells. 

11 20 A M Many trypanosomes present in 
samples of blood from tail. 

January 21. 

9 30 A M 80,000 trypanosomes per c mm. 
blood, 4.0 per cent dividing cells, size varia- 
tion marked 
January 22 

9 30 A M 85,000 trypanosomes per c mm. 

blood, 3 0 per cent dividing cells. Size 

variation marked. 

January 23 

9 00 A M. 50,000 trypanosomes per o mm. 

blood, 1 0 per cent dividing cells Size 

variation marked. 

January 24 

9 00AM 55,000 trypanosomes per c mm. 

blood, 0 5 per cent dividing cells Size varia- 
tion not prominent 
January 25 

9 30 A M. Trypanosomes agglutinated, numer- 
ical estimation unsatisfactory. Adult try- 
panosomes only, 0 05 per cent of which show 
double nuclei 
January 26 

9 45 A M. Only a single, adult trypanosomes 
present in several fresh blood samples A 
total of 9 adult trypanosomes found on two 
large stained blood smears 

Blood samples taken January 27, 29 and February 
20 negative The rat was m a weakened condition 
on February 20 and was found dead the morning of 
February 23 

Experiments of this type show again that trypano- 
somes, in reinfection, are ultimately agglutinated m 
the circulation and are then removed from the blood 
stream. However, where the second inoculation was 
made from 6 to 18 months after the end of the initial 
infection the attempt of the parasites to multiply 
without affecting any appreciable numerical increase 
was a constant feature It was also characteristic, 
as in the above experiment, for the percentage of 
dividing cells to decrease in number on successive 
examinations and reproduction to stop just prior to 
the event of agglutination, leaving only adult try- 
panosomes or rarely a dividing cell in the blood. 

The study of the stained blood smears from rat 
312 at first appeared to offer an acceptable explana- 
tion for this lack of an increase in the number of 
trypanosomes during the early stages of reinfection. 
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Blood smears made on January 21 show nothing 
unusual. On January 22 and 23, however, remnants 
of trypanosomes, free flagella, undulating mem- 
branes with the kinetoplast attached, and ruptured 
trypanosomes discharging then- contents were fre- 
quently noted Vestiges indicating that the para- 
site was undergoing division at the time of its 
destruction are prominent (figs 3 and 4) It is not 
possible, however, to determine whether all of the 
vestiges are derived from dividing cells since, in 
many instances, the more fragile cell elements, 
including the nucleus, are degenerate or lacking 
The vestiges are single, free of any blood cells, they 
lie next to uninjured trypanosomes and normal blood 
cells and are more or less evenly distributed over the 
entire smear. The relative dady frequency of these 
remnants in a count of 400 trypanosomes for the 
present experiment is 0 06 per cent January 22, 1 5 
per cent January 23, 0 05 January 24, and none on 
January 25 Thus, their structure and them simul- 
taneous presence and disappearance with dividing 
parasites support the view that they are derived 
from cells undergoing, or about to undergo, active 
division 

The above observations suggested a lytic action 
on the parasite outside the macropliage They also 
suggested that the dividing cell might be particu- 
larly vulnerable to this extracellular lytic action of 
the antibody, but to which the adult forms remained 
nonsusceptible until the titer of the antibody in- 
creased to a point at which they, the adult trypano- 
somes, became agglutinated, but not killed in the 
circulation, and then were mechanically removed 
from the circulation Further studies, in which the 
entire course of reinfection in the blood stream was 
viewed with dark-field illumination showed that, 
while we were correct in the supposition that the 
dividing parasites may be affected first by the 
trypanocidal antibody, the chief mechanism of their 
destruction was found not to be by extracellular 
lysis. 

In the final group of experiments the trypano- 
somes were inoculated directly into the heart of the 
recovered rat. The parasites were thus placed 
directly m the blood and could be constantly ob- 
served throughout the course of the blood stream 
infection. Fresh, undiluted blood preparations were 
examined at approximately three-minute intervals 
with direct and darkfield illumination Blood 
smears were also made for later study 

The following experiment is typical of this group 

Rat No. 406 was inoculated intrapentoneally on 
March 10, 1942, with a few adult T. lewm The 
infection which developed ran the typical course and 


terminated about 39 days later On May 5, about 
the 17th day after the end of the initial infection, 
trypanosomes were collected from 2 young rats 
which had been inoculated 4 days earlier with adult 
parasites. The trypanosomes for these donor rats 
showed marked size variation with 3 to 4 per cent of 
the cells undergoing active division The parasites 
were finally concentrated in 1 cc saline of which 
0 5 co were injected directly into the heart of experi- 
mental rat 406, previously etherized As quickly as 
possible, a very small drop of blood was obtained 
from the tail of this rat With direct light and the 
high dry lens of the microscope a number of large 
trypanosomes were first noted struggling to free 
themselves from masses of blood platelets Other 
trypanosomes were single and appeared normal. 
The preparation was then examined with dark-field 
illumination. Nothing noteworthy was observed. 
In the second preparation some agglutimzation of 
the parasites was observed With dark-field illumi- 
nation several large motionless trypanosomes were 
seen floating in the serum while others tfere rapidly 
being ingested by macrophages Actual seizure of 
the immobilized trypanosome by a macrophage was 
not observed, but ingestion always began at the 
posterior end of the trypanosome, the flagellar end 
being the last to disappear within the phagocytic 
cell. Marked agglutination was found in the third 
preparation with continued phagocytosis of single 
parasites A very few single parasites, uniform in 
size, were found in the fourth preparation but none 
was seen m the fifth and the several subsequent 
preparations The parasites had been removed from 
the blood within about 15 minutes 
The same experimental rat was then similarly 
reinjected with the remaining 0 5 cc of the inoculum. 
The first drop of blood again swarmed with single 
trypanosomes The same phenomena m recovery 
were again observed. The rat died about 15 minutes 
after the injection was made at which time a few 
single trypanosomes were present in the blood 
Blood smears made lief ore and immediately 
after the first inoculation show nothing of particular 
note Markedly increased phagocytosis occurs in 
the later smears, but the cytoplasmic inclusions of 
the mononuclear leucocytes cannot be identified 
with certainty as remnants of trypanosomes. Try- 
panosomes occur frequently within clumps of blood 
platelets, an observation which would Hot be con- 
sidered of importance or noteworthy had living 
trypanosomes not been seen struggling to free them- 
selves from masses of platelets in the fresh prepara- 
tions. Remnants of trypanosomes, ruptured cells 
and free undulating membranes with attached 



92 


AUGUSTINE 


kinetoplasts are fairly numerous in the second and 
third smears made As in earlier experiments, these 
remnants are more or less evenly distributed over 
the slide, are unattached and the majority indicate 
that they are vestiges of dividing cells As none of 
these vestiges was seen m the fresh preparations, 
particularly looked for here and elsewhere with 
dark-field illumination, it is believed that they are 
remnants of the large sensitized or killed trypano- 
somes seen floating in the fresh preparations which, 
because of the action of the trypanocidal antibody, 
have been rendered particularly fragile and have 
burst on the slide during the technical preparation 
of the blood bmear We obtained no evidence of 
extracellular lysis of the parasites 

Discussion 

From the experimental findings just described it 
is apparent that trypanosomes ( T levrni) pass as 
readily through lymph nodes of immune rats as they 
do through lymph nodes of a normal, susceptible 
rat Wheit these parasites are injected mtrapen- 
toneally in an lmniune rat they suffer no apparent 
injury during a temporary wait in the peritoneal 
cavity or from passing through its lymph nodes 

Reinfection is usually of short duration, lasting, 
in our experiments, from a few minutes to several 
days, but usually not longer than 4 days The life 
span of the parasites in the circulating blood of the 
immune rat is chiefly determined by two important 
factors (1) the titer of the trypanocidal antibody 
and (2) the particular phase of the infection, i e 
age of the parasite, at the time of transfer The 
results of our experiments indicate that dividing 
trypanosomes are particularly vulnerable to the 
trypanocidal antibody They are almost immedi- 
ately sensitized with it, being killed or at least 
immobilized, and are then engulfed by blood macro- 
phages Adult trypanosomes, however, appear 
more resistant to the trypanocidal antibody and are 
not immobilized or killed by it, but when the titer of 
the antibody reaches a certain point, the adult 
parasites are agglutinated and the living, aggluti- 
nated masses are then mechanically filtered out and 
disposed of in the internal organs Dividing cells 
may also be agglutinated along with adult forms. 
While we have not been able to recognize vestiges of 
trypanosomes in tissue macrophages we have found 
remnants of agglutmated parasites in the small 
vessels of the liver (fig 5) This evidence and the 
presence of an increased amount of debris in the 
Kupffer cells furnish convincing evidence that the 
agglutinated masses of trypanosomes are removed 
from the circulation chiefly in the liver, and prob- 


ably also in the spleen, and that they are finally 
disposed of in these organs by the phagocytic action 
of the elements of the reticulo-endothelial system. 

Thus, the mechanics in recovery from reinfection 
w'lth T. lewisi are strikingly and fundamentally 
different from those described in recovery from the 
initial infection According to Taliaferro, 2 and 
others, there are three manifestations of resistance 
against the parasite in the course of the first infec- 
tion* (1) the retardation and final inhibition of 
reproduction of the trypanosomes by about the 10th 
day by a development of an acquired immunity 
involving an antibody now known as ablastin; (2) 
a sudden destruction of most of the circulating try- 
panosomes by the action of a trypanocidal antibody 
and (3) the total disappearance of the jiarasites 
which terminates the infection and occurs from a 
week to several months after the first drop in num- 
bers Although the specific action of the trypano- 
cidal antibody has not been demonstrated in the 
whole blood of recovered rats, the current opinion 
seems to be that it functions as an extracellular lysin. 

Our experiments have given no indication that 
ablastin functions in recovery from reinfection It is 
true that the parasitic population in the blood of the 
immune rat does not increase, but this failure is not 
due to an inhibition of reproductive activity On 
the contrary, reproduction may be initiated, or may 
continue for some time m the circulation However, 
the dividing cells are particularly susceptible to the 
action of trypanocidal antibody and they succumb 
as quickly as they are formed. Thus, an increase in 
the parasite population is checked, but reproductive 
activity is not inhibited 

The results of the present experiments leave little 
doubt as to the precise functions of the trypanocidal 
antibody Direct observations have shown that it 
sensitizes the dividing cells which are thus rendered 
vulnerable to the phagocytic cells of the blood, and 
that it agglutinates the adult parasites which are 
then mechanically removed from the circulation. 
It is possible that we are dealing with two distinct 
antibodies, (1) an opsonin which acts specifically on 
dividing trypanosomes and (2) an agglutinin which 
agglutinates both adult and dividing forms At 
present, however, we prefer to regard the trypano- 
cidal antibody as a single sensitizuig agent, the 
different manifestations being due to differences m 
its titer and to differences in susceptibility of divid- 
ing and adult parasites 

The results we obtained from experimental rat 4 
clearly illustrate how strictly the trypanocidal anti- 
body is localized in the blood. On April 2 this rat 
had, from all appearances, just recovered from a 
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previous infection when it was again mooulated 
mtraperitoneally with millions of trypanosomes 
On the following day fluid aspirated from the peri- 
toneal cavity swarmed with trypanosomes which 
produced infection when transferred to another rat 
No trypanosomes were found at the time in the 
blood of rat 4, nor did the blood carry infection when 
it was inoculated into young rats From the results 
of our earlier studies, 7 '® it is obvious that trypano- 
somes were constantly arriving in the blood from 
the peritoneal cavity at the time It would, there- 
fore, appear that the titer of the antibody in this 
hyperimmune animal was particularly high and that 
the parasites were destroyed as soon as they were 
exposed to the antibody, i e as soon as they entered 
the blood stream 

Summary 

Experiments concerning factors in the defense 
mechanism against reinfection with Trypanosoma 
leunsi are reported It has been shown that this 
parasite passes readily and uninjured through the 
lymph nodes of rats spontaneously recovered from a 
previous infection 

It is not apparent that ablastin plays any role in 
recovery m reinfection The disposal of the try- 
panosomes depends exclusively on the action of a 
humoral trypanocidal antilxxly to which dividing 
parasites are highly susceptible and to which the 
adult forms are relatively resistant Dividing cells 
appear in the circulating blood, but are soon killed 
or immobilized by the antibody and they are then 
destroyed in the circulating blood by phagocytosis 
At a sufficiently high titer of the antiliody the adult 
parasites are agglutinated, but not killed The 
agglutinated masses of living parasites are mechani- 


cally removed from the circulating blood and then 
destroyed in the liver and probably also in the spleen 

The possibility of two distinct trypanocidal anti- 
bodies functioning in recovery from reinfection is 
considered 
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PLATE I 

Figs 1, 2, 3, and 4 stained by Wright’s method. 
Fio 5 stained with cosin methylene blue. 

Fig. 1 Agglutination of two trypanosomes allowing 
the characteristic manner of attachment X 900 

Fig 2 Two large masses of aggluttnated trypano- 
somes, the attachment slightly distorted by drying of 
the film X 900 

Fio 3 A ruptured dividing trypanosome adjacent 
to an uninjured adult parasite X 1160 

Fig 4 A vestige of a trypanosome showing a lobed 
kmctopla8t and surrounded by uninjured adult para- 
sites X 1160 

Fig 5 Section of liver showing remnants of an ag- 
glutinated mass of trypanosomes m a blood vessel 
Only one free flagellum is clearly seen in the photograph 
X 1600 
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The history of fireworks is very obscure. It is 
generally believed that pyrotechnic mixtures of 
saltpeter with Bulfur and charcoal, or with other 
materials, were invented in China at an early time 
and were used for entertainment, for purposes of 
magic as in the exorcising of demons, and later in 
the military art. A knowledge of these mixtures 
presumably found its way to Europe over the trade 
routes to Byzantium The celebrated Liber xgnium 
ad comburendoe hostea of Marcus Graecus, which was 
probably written in Greek m the eighth century, 
describes Greek fire and other incendiaries as well as 
black powder and the use of the latter material in 
firecrackers and m primitive rockets without sticks 
The writings of Roger Bacon in the thirteenth 
century, which contain what is supposed to be the 
earliest reference to black powder in Latin Europe, 
make mention of the fact that toy firecrackers were 
already in use by the children of the time Modem 
improvements, the use of chlorate and perchlorate 
in colored fire compositions, strontium and barium 
salts to color the flame, and magnesium and alum- 
inum to impart brilliancy, have come in since 1800, 
they are recent enough to be dated, and certain of 
them may probably be set down as the inventions 
of particular men But it is not known who in- 
vented the Roman candle, the rocket, the flying 
pigeon, the Catherine wheel and the saxon, and it is 
not known when or by whom such familiar and 
much-used substances as arsenic sulfide, antimony 
sulfide, verdignB, calomel, and mm and steel 
filings were introduced into pyrotechny 
The literature of fireworks is meager Contem- 
porary books in European languages are few and 
far between, and are issued in such small editions 
that they quickly become out of print Books 
before 1800 are rare without exception, but they are 
especially valuable to students of the history of 
pyrotechnics for the reason that they antedate 
modern improvements and indicate the state of the 
art during a time when it was advancing with ex- 
ceeding slowness. Fireworks in the eighteenth 
century were but little advanced over those of the 
seventeenth century The latter showed consider- 
able improvement over those of Marcus Graecus in 
the mechanical devices in which they were applied 
but very little in the materials from which the com- 


positions were made During seven or eight 
centuries the addition of each new substance to the 
list of the pyrotechnist’s materials must have 
represented a real achievement 
The Chinese text which is under discussion in the 
present paper is the only Chinese text on civil 
pyrotechnics 1 which we have been able to find It 
represents an art which is more highly developed in 
some respects than the pyrotechnic art of eighteenth 
century Europe, an art which apparently grew up 
entirely independently in China It lacks certain 
things which were common in European treatises, 
and it mentions certain things which would certainly 
have been copied in Europe if they had been known 
It appears to be wholly Chinese 
The Iluo-hsi lack (Outline of Pyro- 
technics) by Chao Ihueh-mm is printed in 

the collection, where it has a post- 
script by Yang Fu-chi which is dated 1753 

It was therefore in existence at that date A short 
biography of its author is included in the Hang-chou 
fu chih KW/faviS (Record of the District of 
Hang-chou) 150 16 b-17a (1923 ed ), and consider- 
able information about him and about his father, 
his brother, and his own work m medicine is given 
in his two prefaces to his famous Supplement 
to the materia medica, Firsts’ ao hang-mu 
@ * The prefaces are dated 1770 and 1765, but 
they contain no reference to their author’s age at the 
time when they were written 
Chao Hsueh-nnn, whose Uu was Shu-hsien 
1 Dr A W llununcl, Chief of the Division of 
Orientalia, Library of Congress, has kindly directed 
our attention to two earlier texts on military pyro- 
technics, and has made it possible for us to procure 
microfilms of them We hope to report upon these 
shortly. 

’ Volume 170 of the edition in the Library of Congress 
5 We wish to make grateful acknowledgment to Dr 
A W Hummel for giving us references to this material, 
to Dr. Ch’iu K'ai-ming for finding it for us in 

the Library of the Harvard-Yenching Institute, to the 
Harvard-Yenching Institute for the use of its text of 
the Huo-hsi Meh and for the use of the Chinese type 
which has been employed in the present printing, and 
to Professor James R Ware of Harvard University for 
reading the manuscript and for valuable criticism and 
suggestions. 
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was a native of Ch’ien-l’ang urn in Hang-chou 
(Chehkiang Province). He lived during the Ch’ien- 
lung era (1736-1796) His father was Salt 
Commissioner of Hsia-sha county The 

story goes that his father longed for sons One day, 
when he was m Ching-k’ou JjC P , he met a stranger 
who said to him, “According to your physiognomy, 
you will not have any successor, but, if you do 
beneficial relief work, you may get sons ” There was 
an ocean flood which caused the death of hundreds 
of thousands of jieople He did his best to rescue 
them and to bury the dead In the autumn a plague 
followed, and he again contributed his salary to help, 
to procure medicines and the services of physicians 
Thousands of lives were saved in consequence 
He also suggested to the government a plan for the 
building of a dike The officers in charge allowed 
the plan to be heard by the Emperor, and it was 
approved Before any action was taken, many 
fields were badly damaged by the ocean tides, and 
seven counties, Hsta-xha, Shih-yen Ch’uan- 

shan m \ , Ming-hao «.(£©, Lung-t’ou fJtLll/I , etc , 
were inundated lie managed however to build 
the dike himself, and when it was finished he named 
it Li-chi (Beneficial Relief) In the autumn 
of that year the ocean tides came again, but they 
were stopped by the dike and no damage was done 
Later he was moved from this post to hold office in 
Yu-ch’t And so it came about that his sons, 

Hsueh-vnn anil Ch’un m were born, and were 
given the baby names of Li flj (Beneficial) and Chi 
ft (Relief) When the father retired from his post, 
he also gave ins hall the same name of Li-chi 

The father wished one of his sons to study Con- 
fucius and the other to study medicine Ch’iai, the 
younger, studied the teachings of Confucius but also 
studied the canons on typhoid and on fevers In 
his leisure time he was taught “to draw the copper 
man diagrams’’ [study acupuncture] for fun From 
spring to winter the brothers studied in the Nourish- 
ing Essence Garden mm, which was fifty mow 
jH of land (more than six acres) devoted to the 
cultivation of medicinal grasses IlsUeh-mm en- 
couraged his brother to specialize m medicine 
(Ch’i-Huang fj&jtf) in accordance with the wish of 
his father Although Ch’iai did not have confidence 
enough m himself to practice medicine publicly, 
relatives and friends who called upon him for 
diagnosis and who took his medicine were all cured 
of their diseases. Ke wrote a work entitled “Mirror 
of Herbs” in 8 chUan and another on 

"Saving Lives from the Ocean of Sorrows” 
in 100 chuan. 

Chao Haueh-min was a great reader It was his 


custom to continue his reading into the night. He 
says that he liked especially to read about the stars 
and the calendar, about medical subjects, and about 
divination and alchemy When he found anything 
which interested him, he was so pleased that he 
forgot fatigue, he copied it or summarized it, and 
filed the material in packages. In this way he ac- 
cumulated several thousand chuan In the first of 
the prefaces which accompany his Supplement && 
to the Ptn-ts’ao kang-mu, he says that he almost 
became tired of this kind of work, and that once, 
when he had the time available to look them over, 
he picked out those which he thought to be useless 
and threw them in the furnace He wrote bi-chi 
shih-irh chung (Twelve Books from 

Li-chi Hall), as follows — 

1 The Best Works of the Medical World flW- 
MtzWt, 16 chuan, 

2 Transmitted Trustworthy Formulas from the 
Nourishing Essence Garden mmmteJi, 6 
chuan, 

3 Proofs of Exorcism M&sm , 4 chuan, 

4 Collections under the Names of Nang and 
Lu*m (herbs), 4 chuan, 

5 Observations n5‘ on the Pbv-tn'ao, 32 chiton, 

6. A Gathering of Selected Formulas (of the 
author and others) ^M, 8 chuan, 

7. A Report on the Short Names of Certain 

Herbs 4 chuan, 

8 The .Secrets of Rising and Sinking 
2 chuan, 

9 Leisure Readings on the Maintenance of the 
Health mmm, 4 chuan, 

10 Explanations of the Properties of Medicines 

4 chuan, 

11 References to .Strange Medicines $£{$[#, 
6 chuan, and 

12 Supplement to P6n-ts’ao kang-mu, 10 chuan. 

The twelve titles were published in the book 

catalogue of the Pao Sft family, and the manuscripts 
were circulated At the end of the Chia-ch’ing m 
era (1796-1821) only the manuscripts of Nos. 6 and 
12 survived, and these texts were preserved in the 
Hang i hen pao (The United Treasure 

of Hangchow Medical Doctors). Chang Ymg- 
ch’ang ij&i&li reorganized the material in these 
two texts, corrected the mistakes, and edited and 
published them in the middle of the T’ung-chih [PI- 
era (1862-1875) The other ten texts have been 
lost The manuscripts of the family are said to 
have been destroyed about 1860 in the Taiping 
Rebellion 

Of the two prefaces by Chao Hmeh-mm which 
now accompany his Supplement to the PSn-ts’ao 
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kang-mu, the second is properly a preface to the 
Supplement and describes lus reasons for writing it 
The first is really a preface to the whole collection 
of Twelve Books on Beneficial Relief, and tells 
something of the circumstances surrounding the 
writing of each of the treatises The author says— 

“Of the Twelve Books which I wrote, the manu- 
scripts of two, namely, of the ‘Proofs of Exorcism,’ 
and the ‘Gathering of Selected Formulas,’ were set 
aside last year to be put on the fire, but the manu- 
scripts were saved by the children The treatise, 
‘The Best Works of the Medical World,’ was com- 
pleted a year ago Once I happened to have a 
chance to read the books in the library of my 
neighbor, Huang Fan-wing 35 m which the 
collection of books on medicine amounted to more 
than ten thousand chuan, and I compared them with 
my old collection of confidential papers of the 
Kiangsu and Fukien authors I selected from them 
the formulas which had always proved effective to 
form a treatise entitled ‘Best Works ’ It was my 
experience that the selection was not easy Some 
of my relatives and friends happened to test the 
formulas, and told me of improvements The 
treatise was then revised, and enlarged from year to 
year, and its name was changed to ‘Transmitted 
Trustworthy Formulas ’ 

“In the spring of the year %-hai (17.55), 

Wang Tzu-xhih fT. f-f S5 of Hunan Province paid 
me a visit and made a short stay in my home I saw 
on lus desk a volume on exorcism, the formulas of 
which he was testing I then borrowed the book 
and copied it myself, and later secured other manu- 
scripts, those of the Chang i® family, of the Wan $£ 
family, and of the Hsieh jfjs lamily I tested some of 
the formulas from them, removed the false ones, 
saved the effective ones, and wrote the book, 
'Proofs of Exorcism ’ 

“I was addicted to the readmg of books The 
daytime was not enough for my study, and I con- 
tinued it by the burning of fat I disliked to yawn m 
the study hall, and so I built a box for the lamp and 
brought it into the mosquito net in order to carry on 
my reading at night After some time the soot from 
the lamp blackened the beautiful net In the year 
jring-tzu (1756) I had eye disease. The 

disease was so serious that I almost became blind, 


after six months of sightlessness it was finally cured. 
For this reason I wrote another book entitled 
‘Collections under the Names of Nang and Lu ’* 

“Someday if I can devote my time to studying the 
canons on the impulse of the blood, on typhoid, on 
fever, etc , and can organize the material into 
treatises, I shall write ten more books These, 
together with the two books written by my brother, 
I shall put into a ‘Later Twelve Books from Li-Chi 
Hall ’ The year king-yin (1770), the second 
month of spring, the sixth day of the month Chao 
HsUeh-mm, Sku-hsien ” 

The Huo-hx i lueh (Outline of Pyrotechnics) is 
probably one of the earlier works of Chao HsUeh-mm, 
for the note of commendation appended to it by a 
reader is dated 1753, more than a decade earlier 
than the dates (1765 and 1770) which Chao HsUeh- 
mm has himself given Ins own prefaces to the Sup- 
plement to the Pin-U’ao kang-mu. The treatise 
appears to be one of those collections of notes, or 
summaries of readings, of which Chao says that he 
accumulated several thousand chuan It shows an 
acquaintance with the materials of the pyrotechnist, 
and with their properties and uses, and leads one to 
believe that its author had handled them himself 
It appears to consist essentially of the notes and 
observations of a skilful worker m the art, addressed 
to one who is already familiar with the principles. 
It omits many details It does not, for example, 
tell how saltpeter is prepared, but it indicates a true 
understanding of the unfavorable effect of sea salt 
which may be present in it as an impurity It shows 
an interst in the theoretical basis or explanation of 
the observed facts It contains no mention of 
antimony sulfide which was widely used in eight- 
eenth century European pyrotechnics, and con- 
versely it refers to materials and techniques which 
had not yet lieen applied in European practice 
Many of its points of interest are discussed m the 
notes which follow the Translation and Abstract 
and which arc numliered with the same numbers as 
the paragraphs of the Translation and Abstract to 
which they refer 


4 Nang and Lu are herbs which arc used m the 
treatment of eye disease 
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TRANSLATION AND ABSTRACT 
HUO HSI LUEH A&& AN OUTLINE OF PYROTECHNICS 
By Chao Hstieh-min mm c 

Extraction of Saltpeter for burning consecutively two pieces of incense) 


1 [la-2a] Hsiao (saltpeter) is produced in 
salty places (salt marshes) The districts in Ch’ing- 
yang mm (in Kansu) and in Ho-pei M4fc (in 
Honan Province) and the interior of Shu 5} ( Ssu - 
rh'uan ©jl| Province) have an abundance of this 
substance. During the autumn and wintertime 
the ground is covered with a white material which 
is swept up with a broom and refined by boiling 
(its solutions), and hsuw is thus obtained. In Ts’ui 
Fang's fYiSJj Wai-tan ft- ft (extenor tan), and in 
the Ptnts’ao 4* ^ (Book of Medicines), it is called 
yin shih (stone of yin |5§J) In Fu hung t'u 

(Diagrams of Conquering Mercury) of Hu- 
kang-tsii, -T' it is also named pet ti yuan chu 
(the primary pearl of the Northern 

God) 

2 Hsiao (saltpeter) gets its name, I suppose, 
from the fact that it is the essence of T’ai yin 

(the Grand yin, synonym of the moon) and will fly 
away on meeting fire At the extremity of yin 
yang begins to appear Hsiao pertains to h M 
(a kva JK namely =3, standing for yin), and has 
the property of being able to soften the five metals 
and to change the seventy-two stones into water 

3 The word hs mo means to dissolve (to vanish) 
It (hsiao) must be refined for use as an internal 
medicine The same is true for use in making fire- 
works It is thought that hsiao is formed by the 
influence of the ethereal essence of the salty sea, 
since it becomes wet in contact with a humid at- 
mosphere Dryness is essential for huo yao 

(fire powder, black powder). If unpunfied (lb] 
hsiao is mistakenly used to' make the powder, the 
charcoal of the powder will become moist very 
easily during humid weather The iron filings (in 
, the powder) will be surely rusted from the effect of 
the lu ch’i m (ethereal essence of salt) caused by 
the wet charcoal It is unlikely that such a powder 
can produce any good result in hua p’ao 
(flower cannon, flower rocket). Consequently, the 
hsiao must be purified to get nd of the lu ch’i 
(ethereal essence of salt) before it is compounded in 
the fire-powder 

4. For the method employed in the preparation . 
hsiao is put in a large iron kettle, covered with 
clear water until the water rises one or two ts’un 
(inches) above the hsiao, two liang (ounces) of 
water glue (glue solution) is added and the contents 
is boiled for a period of two incenses (the time needed 


When the liquor boils, foam may form and, in such 
case, is skimmed off. Remove from the fire and let 
the liquor stand until clarified On the next day 
the supernatant liquor is decanted off and is re- 
placed by fresh water. About three or five white 
turnips are then added and the contents boiled for 
another two incenses Again, remove from the fire, 
remove the white turnips, and let the liquor clarify 
as before Next morning, replace (the supernatant 
liquor) with fresh water, add new white turnips, and 
boil the whole again for two incenses The lu ch’i 
(ethereal essence of salt) is completely removed by 
such treatment The hsiao is taken out and dned 
in the sun light 

5 If one wishes to prepare roasted hsiao, good 
shoo chiu (distilled spirit, samBhoo) is added 
slowly in the kettle to the purified hsiao mentioned 
above, and the contents is roasted to dryness to get 
the product Another method for manufacturing 
hsiao is given in Shin shu pin fang 
(Original Methods of Making Water-Mice)* 

, Preparation of Sulfur 

6 (2a— b] Huang JSi (yellow, Bulfur) consists of 
the essence of pure yang m of fire-stone. It is 
formed by condensing the ch’i IK (ethereal essence) 
of the sun Workers in Wai Ian (Exterior tan), call 
it huang ya m (yellow sprout) It is probable 
that the essence of the Bun (sulfur) acquires its body 
by the influence of wind and wood The branches 
of wood (the element wood, sulfur) grow out side- 
ways. Therefore, when they are mixed with char- 
coal, the flames shoot out sideways. Wood appears 
blue, therefore its flame (the flame of sulfur) is also 
blue) 

7. Sulfur of light yellow color is named k’un lun 
huang (the yellow of K’unAun Pilfer); 

that of red color, shih t’ing chih (the fat of 

Shih-t’ing, red sulfur) ; that of blue color, lung chieh 
shih (wmter-frozen-stone) , while that 

which is half white and half black is called shin 
ching shih mm# (stone of shocking spirits). 
They are produced everywhere, in the East, the 
West, the South, and the North. The grade for 
making rocket powder must be of deep yellow color. 
If the bluish grey material is used, there will be a 
hazard of explosion due to its uncleanness. If one 

* Water-mice are small fireworks intended for use 
under water. 
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wishes to treat it with distilled spirit, do not roast it, 
but stir it and expose it for drying in the sunlight 
If it catches fire on roasting with other ingredients, 
then by using your mouth spray vinegar onto it to 
stop the fire If you wish [2b] to remove the odor, 
make a hollow chamber in a white turnip, fill the 
chamber with the pulverised sulfur, put the white 
turnip, into a heap of burning rice-hulls until it is 
cooked, and the odor is gone 

8. If you wish to change sulfur into a liquid, fill a 
bamboo oylinder with your sulfur, bury the cylinder 
in horse dung for one month and you will get the 
liquid sulfur This liquid has the characteristic 
properties of turning the five metals black, of turn- 
ing mercury red, of giving a purple color with 
magnetic stone, of making a disturbance with salt- 
peter, and of becoming quiet with pig fat One 
should understand these properties and lie able to 
utilize the sulfur well 

The Use of Charcoal 

9 [2b— 3b] Charcoal is the soul 6ft of fire. Fire 
resides in (the element) wood, and wood comes from 
(the element) water Whenever wood dies, it turns 
black to show that it has returned to its original 
form. The properties of charcoal are tAly away 
and to give out light easily. It is used in accordance 
with its properties The charcoal which is usually 
used for the making of powder is that from the ex- 
treme ends of fir branches Other varieties are 
bamboo shoot charcoal which is violent and spread- 
ing, bamboo knot charcoal which is violent and pow- 
erful, bamboo root charcoal which is hard and side- 
bursting, calabash vine charcoal which is quick and 
side-running, bamboo leaf charcoal which gives a 
hissing sound, cocoanut [3a] shell charcoal which 
produces splashing noises, mellon skin charcoal 
which is quick and violent, eggplant charcoal which 
makes clear crackling sounds, horn charcoal which 
is permeable to flame, snake skin charcoal which 
gives flashing light, and grasshopper charcoal which 
possesses the property of flying away and running 
The quick acting powders have the property of 
destroying and bursting Charcoal from glutinous 
rice can be used to make bird-gun powder Willow 
and fir charcoals are the lightest of all and can be 
used to make powders for Shou hua ^^6 (hand 
flowers). P’ao ]j£j (cannon) using ashes of hemp- 
stalk (in the powder) produce no noise. If the 
flinty skin of bamboo is used, plenty of smoke 
results. Other effects can be produced by applying 
your knowledge. 

10. Charcoal must be prepared by burning (the 
raw material) until the last trace of smoke is driven 


off It is then taken out and put into an earthen- 
ware jar which has a tight cover. After cooling it is 
pulverized to the finest degree for use in powder 
This substance is much disposed to become moist, 
and so it must be burned (prepared) just before use 
If too much of it has been made, the unused portion 
must be wrapped in a piece of paper and put into a 
jar containing (burnt) lime 

11 If the charcoal has been exposed to moist air, 
it will be unreliable in its effect upon the slowness 
and quickness of the finished powder, and also it 
will make the finished powder fail to bum out 
(produce) colors and flowers. Furthermore, the iron 
filings will not be completely melted (if used) with 
such a charcoal 

12 However, there is a wet method for making 

powder. For instance, in the preparation of chu 
Srh yao m an (bead powder), saltpeter is boiled 
with the charcoal and the (resulting) mass is pul- 
verized when it is still moist In the preparation of 
hsiich Itng yao (snow-lantern powder), 

[3b] camphor is boiled with charcoal and the product 
is also pulverized while in the moist conditions 

13 Another method is the cast-charcoal dry 
method If you want it (the product) to appear as a 
silvery thread, (the material) is cast with lacquer 
and dried in the sunlight whereupon the projierties 
of the powder are stabilized. If you want to change 
its color, you can drop it (into a kettle), roast it, and 
cast it It depends upon yourself how much of the 
subject you can understand 

The Use of Iron Filings 

14. [3b-4a] Sha (sand, powdered iron) con- 

sists of broken cast iron having grams as large as 
sand, and hence its name Its old name was t’teh 6 
m (iron ants) It also has another name, I’ieh 
hsieh (iron filings) Without it, I’ung hua 

jS (cylinder sparks, cylinder flowers, fountains 
or gerbs) will no longer produce flowers (sparks). 

15. It should be prepared at the time when it is 
used. It can not be stored for a long time because 
it has a tendency to rust Once rusted, it will pro- 
duce no more sparks. Old, broken, cast-iron 
kettles are usually employed (as the material) for 
making sha. The broken kettles are heated to a red 
heat in order to remove adhering grease and dirt. 
After cooling somewhat, they are pulverized in an 
iron mortar while they are still warm The product 
is then sieved and separated into four grades. The 
fines are called upper sha; the coarser ones, medium 
aha; the still coarser grade, coarse sha; and the 
coarsest ones are called large sha [4a] Besides these, 
there is another kind of sha which is known as 
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needle aha, it consists of drillings from the boring 
out of needles’ eyes After the aha is sieved, it is 
wrapped m paper and put m the lime jar to prevent 
it from rusting Powdered iron is not to be touched 
with the hands, otherwise it becomes sparkless rust 
Oil can also spoil powdered iron as it makes it melt 
into 1 leads without producing sparks when burnt m 
powder (compositions) Powdered iron, when 
weighed, is to be handled with a copper spoon to 
avoid contact with the hands. 

16 At the present time, powdered iron is all 
purchased from Su-chou mm (near Nanking) It 
should have a glistening lustre like that of tin 

The Match (Fuse) 

17 [4a-b] Large match is called double wick 

match and small match single wick match All 
kinds come from Hui-chou mm {An-hui Province, 
lower Yangtze valley) (where they are manufac- 
tured) for use as open-lead igniters for htui p’ao 
(cannon) However, in fireworks there are still 
other igniters which are known as piped match 
Matches are of two kinds, the slow ones and the 
quick ones Quick matches art made with charcoal 
of calabash, the slow one with charcoal of willow or 
fir T’ao hua (peach flower) paper is used 

as the wrapping paper and should be treated before- 
hand with a solution of saltpeter (and dned) in the 
summer time [4b] The powder is wrapped in by 
twisting the paper around it, and burns readily 
through a crimp 

18 Matches are packed m bundles of 500 pieces 
each with the two ends of the bundle tied by paper 
threads They are stored in a lime jar for use at the 
time needed 

19 The powder for matches should lie loaded on 
the paper with a match-spoon in order to get it even 
The match-spoon is made from a piece of bamboo 
by cutting the bamboo to a size as small as a scallion 
leaf and to a length of about one foot in a thin 
(spoon) shape. When powder is loaded on paper 
with this spoon, there will be an -even distribution 
of the powder and match of uniform size wdl thus 
result 

Use of Piped Match (Abstract) 

20 [4b-5b] Piped match is a match enclosed in a 
paper tube, the tube being about the size of a wheat 
straw and fireproofed with alum In a display of 
fireworks, piped match is used for connecting the 
different pieces in order to prevent all of the matches, 
which cross each other, from burning together at one 
time, so that the display can be shown in systematic 
ord^s&j. Furthermore, the fire of the match is en- 


closed within the tube and is not visible After the 
matches have burned, hundreds of flowers of fire 
appear suddenly, and the display is made much more 
amusing. 1'he ends of the match are not piped, with 
the result that the tube, after the match has burned, 
finds no support for itself and thus drops away. 

Treatment of Papers (Abstract) 

21 [5b-6b] There are four kinds of papers used in 
making fireworks, fire-proof pajier, inflammable 
paper, paper for a sharp crackling explosion, and 
paj>er for strength. Fire-proof paper is used in 
making the inner cylinders of fireworks, and is itself 
made by treating paper with alum solutions. In 
wrapping fuses, the paper must be inflammable; 
this result ib secured by soaking it in saltpeter 
solution For firecrackers the paper must be readily 
tom into small pieces by the explosion to produce 
loud, cracking reports with small fragments of paper 
filling the air Bamboo or mulberry-bark paper 
will be suitable for this purpose For a certain kind 
of flower cylinder (fountain), the outer layer of the 
cylinder must be made of strong paper to prevent 
the bursting of the cylinder, and for this purpose a 
layer of thick paper or yiian-ahu paper is 

usually used 

22. (6a— S] Dyed paper must not be used in fire- 
works, because the color is likely to be destroyed by 
the powder If color must be applied, the pigments 
which are used for ordinary pamting will produce 
satisfactory results and will not lie changed by 
contact with the sulfur fumes 

The Containers 

23 [6b-7a] Containers are of three different sorts, 
namely, the clay cylinder, the paper cylinder, and 
the iron cylinder For p’ao (cannon, firecrackers), 
only the first two are in use while all of the three are 
employed in flower cylinders (fountains). The 
mouth and the Ixittom of a cannon cylinder are 
equal in size, but in a fountain cylinder the mouth 
is small and the bottom is large forming a horn- 
shaped (or conical) space in between. (The conical 
container) will direct the force of the powder up- 
ward without being itself burst. 

24. To test fountain powders there is a simple 
method for making the container. A small bamboo 
cylinder is cut off so that one of its ends retains the 
knot and the other is left open The powder is 
packed into the cylinder until it is almost full. The 
open end is then blocked tightly with a choke of 
ashes wrapped in paper [7a] A hole is made through 
the knot of the other end for inserting a fuse This 
method obviously saves the laborous effort of mak- 
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ing a paper container However, before packing in 
the powder, the cylinder must be packed with paper 
to make an inner horn-shaped (or conical) cavity 
with the tip (apex) against the knot This removes 
the trouble of cracking or side-bursting If a horo- 
shape cavity is made m a piece of dry clay and the 
clay is used (m the place of the paper) for packing 
the bamboo cylinder, the result will lie the same 

The Compounding 

25 [7a-8b] The most essential materials used in 

the compounding (of the powder) are the saltpeter, 
sulfur, and charcoal which have been discussed in 
detail previously Others are auxiliary substances 
However, one has to know the art of compounding 
For instance, if hsiung huang *£If (male yellow, 
realgar) or shih huang (stone jellow, orpi- 

ment) is used, (the mineral) must be first stirred 
with shoo chiu (distilled spirit) and dried in the sun- 
light It will give a yellow smoke If it is used 
together with saltpeter, the smoke will lie very 
intense with a yellow light which will not be over- 
shadowed by the light of the burning powder If 
sulfur, which has an odor, is employed, it must be 
roasted with vinegar beforehand m order [7b] to 
remove the odor By being admixed with tsao chio 
kao (a fat from the pods of gleditschia 

sinensis), the powder acquires slowness By being 
mixed with fujung chih (the juice of lotus 

flowers), the powder becomes quick acting Shreds 
of cotton give a violet light lung ih'tng 
(copiicr green, verdigris, basic acetate of copper) 
produces a green light, yin chu (vermilion, 

cinnabar), a red light (smoke?), ch ten ftn 
(lead powder, white lead, carbonate of lead), a 
white light (smoke ? ) , hsiung ching mm (realgar), 
a yellow light (smoke?) , and sung met (pine 

soot), a black light (smoke?) The above contain 
the five colors of light (smoke’) 

26 Shih huang tffk (orpiment) produces a 

yellow smoke, ch’mg lai (lapis lazuli) a green 
smoke, chu sha (cinnabar) a red smoke, nt 
fto i (greasy powder, calomel) a white smoke, 

and li ch’ing mn (pitch, resin) a black smoke 
The addition of gold or silver foil makes a light 
similar to that of gold fragments The addition of 
tm foil makes a light resembling that of broken red 
clouds Sulfur alone makes it (the light) blue, 
while the addition of lan fan mm (bluestone, blue 
vitnol, copper sulfate) makes the light still stronger 
Saltpeter alone renders the light violet P’i shih flt- 
35 (white arsenic, arsenious acid) produces a still 
longer light (flame) Shih nao yu (rock 

oil, bitumen, asphalt), chang nao (camphor), 


and lx sou m (earth-extract) all can produce 
fire from water (liquid) The thorns of gleditschia 
sinensis, spnng-willow-branches, bamboo shoots etc , 
all are able to produce something else in the fire 
The presence of impurities in the root (the powder) 
is due to the incomplete extraction of the saltpeter 
The feebleness of the flowers (sparks) is caused by 
the use of unfresh (deteriorated) iron filings 

27 If one wishes the powder to produce fruits, 
the spraying of water should be so plentiful as to be 
comparable to that of spring tune If you want the 
light to be controllable, (the powder) should be 
stirred with a bath of plums Earthworm powder 
and snake skin are used according to their proper- 
ties [8a] Boiling in a solution and drying in the 
sunlight will bring out the efficacy The persons 
who are able to do the job will not be limited by a 
single rule The followers (students) should be able 
to derive everything from the above (discussion) 

28 The proportions (quantities) must be accurate 
and the mixing must be thorough Iron filings are 
of coarse and fine grades (The addition of) char- 
coal has its own order When the roasting method 
is used, the ingredients must be roasted separately 
If the wet method should be chosen, the procedures 
would not be the same The crushing and grinding 
apparatus should be in good condition and efficient 
During the sieving, precautions must be taken with 
respect to wind and fire Follow these rules and you 
will have over one-half of your thought (more than 
half of the expected results) 

The Roasting of Powder 

29 [8a-b] In making powder there is an excellent 

method of combining the advantages of water and 
fire hor example, ch’iang yao mm (gunpowder) 
is made by boiling saltpeter and sulfur with water, 
roasting (the product) with charcoal and stirring 
to form the beads Huo chiu (fire spirit, 

alcohol) is sometimes used in the roasting Accord- 
ing to Shui shu fang (Water and Mice 

Methods) of Yiin ch’i fSSS (Uoud-spnng) floating 
(upper) saltpeter, jumping saltpeter, and settled 
(bottom) saltpeter are recommended In Jin yilan 
fang fclf !i&2f (Spring of Kindness Methods), 
alcoholic saltpeter is employed to make the five- 
color butterfly A certain one roasts (the powder) 
with oil, lacquer, snake-blood, or juice of fu jung 
Mm (lotus flowers) Again, another roasts in 
the dry state or roasts with addition of other sub- 
stances Probably, the advantage of dry roasting is 
to absorb the power of fire for assisting the rising 
property (of the powder), while that of admixing 
with other substances is to make use of the power of 
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those substances to conform to the will of the ahin 
ming (spirits). 

30. There is no definite method If you want to 
minimize the yellow flame, tan fan mm (blue- 
stone) will be mixed in. If you want to retain the 
light of saltpeter, (the powder) is to be boiled with 
rosin oil. If you want the powder whirling around, 
tails of grubs will be added during the roasting If 
you want the powder to be spreading, earthworm 
blood will be added during the roasting. When 
silver foil is roasted for use in powder, ash of lotus 
leaves is to be added When copper foil is roasted 
for use in powder, walnut ashes are to be incorpo- 
rated The reason is for controlling (the effect). 

Miscellaneous Substances (Abstract) 

31 (8b— 10a] Common people know only that 

substances which are inflammable can be incorpo- 
rated into fire powder However, the non-inflam- 
mable materials, when used properly, produce 
wonderful results This has been stated in the 
Books of Tan, that all substances can produce light. 
It is the substance of inflammable material and the 
spirit of non-inflammable which are effective For 
instance, minerals such as huang tan jfU 5 ): (minium, 
red lead oxide), wu t’o atng atPfeft (litharge) and 
hei hex hut C (black tin ash, lead), all are 

heavy and are able to suppress the power of the 
powder. Ku ch’ing ch’ien (old copper 

coins, old brass), fieh hua ftn (acetate of 

iron) and silver rust are able to split fire to give 
flowers. Lu kan ahih (zmc bloom, zinc 

carbonate), pu hm mu (non-ashing wood, 

asbestos) and ahih chih koo (stone fat, 

siliceous clay) can be used to treat paper and to 
separate fire Ch’ing fSn (calomel), chung ju 

mn (stalacitites, chiefly oalcite), and shih fan 
'{fife (graphite) are able in certain cases to produoe 
particular effects Yu ahih Jft^i (arsenohte, white 
arsenical ore), huang fan ** (yellow-colored 
alum), and let mo mm (meteorites) all are able to 
invert the light. Nao aha (sal ammoniac), 

p’ing aha (borax), and salt assist saltpeter 

and sulfur in the powder to bum out. 

32 As for vegetable materials, (the charcoal of) 
rush stalks can change a small fire into a large one. 
Rqgrin can concentrate spreading light into spot 
!ig§i (Numerous other effects of various vegeta- 
bles aijd animal materials are also mentioned) 

The Use of Powders (Abstract) 

33. [10a-l la]If you want the piece to fly, the addi- 
tid^ of mice-powder is necessary If you want it 
bright, moon-lantern-powder should be added. 


Powders for filling soft containers are usually fine 
and are not quick-acting. If quick-acting powder 
is used (in this case), the container will be shattered 
and your hand may be injured. The flowers of soft 
pieces must shoot out sidewise and open slantingly, 
otherwise the choke will be blasted out and random 
burning result from the straight-upward shooting. 
With a large proportion of saltpeter, the force of 
the powder is tremendous. With plenty of charooal, 
the light of the powder becomes scattering. Powders 
rich in sulfur make loud sounds, while those rich 
in powdered iron give obscure (unclear) flowers. 
The shaking of the container (unevenness of firing) 
is caused by the formation of obstructions in the 
mouth. The formation of beads on top of the 
flowers is caused by the use of rusted iron filingB. 

The Coatings and Pastes 

34. [Ua-b] It is necessary to know the use of 
coatings and pastes, for, by means of these, results 
from the powder are made much more wonderful 
and changeable. They are comparable to the color 
designs of a painter and to the pattern designs of a 
textile-maker If a powder does not have a coating 
or paste, it will not be able to trace out its flight, 
and the weak and intense colors are not to be dis- 
tinguished It will also fail to concentrate the light, 
and the wonders of the changes will not be magnifi- 
cent. This subject, therefore, ought to be discussed. 

35 Whenever the grains of a powder have no 
particular shapes, the grains are called beads 
Those which have comers, are called prisms They 
may have the shape of gram-awns, chelae, hair, the 
scars of the moon, a broken wall, a broken sword, 
fractured calcite, or a heap of hooks They may 
contain eight corners, a trident, a conical shape, or a 
shape of a bowl-head 

33 Some of these grains are shaped (molded) 
with open fire, with greenish fire, with explosion- 
powder, or with ignition-powder It has been stated 
that powders which have a shape, can put on 
clothes Red clothes (coating) consists of chu aha 
j&ftp (cinnabar), green coating, of sulfur; blue 
coatings, of t’ung lu (verdigris, green copper), 
white coating, of ch’ien fin (lead powder, 

white lead), and coatings of other colors will be 
made up in a comparable manner 

37. Some people use a paste. For example, when 
cotton is coated with a sulfur paste, (and is used in 
the powder), the fire with purple-green balls will 
fly out. When tin foil treated with a saltpeter- 
sulfur paste is used, one can see the fire spitting out 
colored light (flames). If wick-grass is used in the 
powder, the paste-method must be applied. Some- 
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times powdered iron is also coated or pasted. 
When this is used in fountains, the flowers are much 
more deceptive and marvelous. Again, some one 
uses powder to coat upon the coat, a paste upon the 
coat, one side with coat while the other with paste, 
or coating and paste m the center In another 
method, the grains of the powder are dressed 
(coated), made into shape, wrapped together, and 
coated again This is called the seven-star coating 
The method of using one layer of coating, then one 
layer of powder, and so on, layer after layer, is 
called case-coating. Sometimes, the pipe of a piped 
matoh is also coated or pasted This kind of trick 
is not understood by those who have not specialized 
in the art. 

The Packing in of the Powder (Abstract) 

38. [12a— b) To save labor, the powder for fire- 
crackers is loaded into 300-500 small, colored 
cylinders at one time, all of the cylinders being 
made up into an hexagonal bundle with the openings 
facing upward, and the powder is then run in from 
a long spoon (funnel) In packing fountains, the 
powder, after loading, must be stirred to prevent 
the settling down of the powdered iron, and is not 
to be shaken, otherwise, the ingredients will be 
separated from each other with the charcoal on top, 
and the saltpeter and sulfur at the bottom The 
powder for crackers must be packed loosely but the 
powder for fountains is pressed hard 

Auxiliary Shows (Special Pieces) (Abstract) 

39. [12b— 13b] The Hundred Sons, The Three 
Ranks, The First of All, Lucky Clouds, Butterflies, 
Rockets, Flowers of the Moon, Brick Flowers, The 
Nine Dragons, the Eight Hsien “fill (immortals), 
etc , are auxiliary shows (special pieces) They may 
be fired singly or may make up a part of a play. 
They go up in the air, jump on the ground, and fly 
to the one side or dance on the other These 
furnish motions in front of a stationary spectacle 
Rockets are the eyes of fireworks, and are fired 
before the main display m order to quieten the 
audience. 

40. There are some fireworks for display in the 
day time. They are called smoke-plays, and make 
use of smokes. They may be so constructed as to 
display oolored buildings, towers, human beings, 
mountains, waters, and various speotacles The 
auxiliary showB (special pieces) may be earth mice 
(ground mice), water mice, snow crackers, smoke 
crackers, incense lanterns, falling pearls, smoke 
horns, fo ggy orchids (orchids of mist or smoke), 
oolored wheels, oolored wings, etc, while colored 


rockets are used as the first fire The flower shells 
are shells filled with powder for enlarging the shows 
and are to be reckoned as special pieces Shells of 
fruits, nuts, fir cones, calabash, paper, clay, wood, 
etc., are also used. 

Flexible Pieces (Abstract) 

41. [13b- 14b] Flexible articles are constructed by 
using folding frames on which images of men and 
other things, buildings, towers, etc., can be mounted 
at will to form a spectacle. The frames are made of 
bamboo, hemp-rope, and paper There are self- 
lllummated figures and figures to be illuminated. 
Fire wheels, fountains, crackers, rockets, flower- 
moons, flying rats, etc , may also be mounted on the 
same frames Fireproof materials are always pro- 
cured by treating with alum solutions. 

Fireproof Screens (Abstract) 

42. [14b— 15b] When three or four spectacles or 
displays are mounted and folded up into one pack- 
age, the bottom spectacle must be separated from 
the upper one by means of a screen of fireproof 
paper in order to prevent them from burning 
together After the display has been exhibited, the 
screen is dropped off automatically If alum alone 
is not sufficient to make the paper fire-proof, lu kan 
shih Mil*?! (zinc bloom, zinc carbonate), *hih 
chxh fin ?J1I (fuller’s earth) or lime may also 
lie used in combination with it 

Head Fuses (Abstract) 

43 [15b— 16a] If a lire show is lighted at the bot- 
tom, the fire goes upward slowly The difficulty is 
reduced by lighting it at the top also, so that it takes 
fire all over This is done by means of head fuse or 
top match 

Rigid Pieces (Abstract) 

44 [16b— 17a] A rigid piece is used when there is 
only a single spectacle which does not need to be 
folded up. 

Changing Shows or Transformations (Abstract) 

45. [17a— b] The appearance of one thing which 
will change into another in a show, is called a 
changing show or transformation Examples are: 
a fish changing into a dragon, a copper coin chang- 
ing into a butterfly, the two hnen (immortals) giving 
too j|t, the two dragons playing with the ocean (the 
latter two items have two things change into one), 
the flat peach, and the god of longevity, and others. 

Multiple Pieces (Abstract) 

46. [17b— 18a] In fireworks displays two or more 
sets of articles are sometimes fired separately and at 
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the same time in adjacent scenes to make up one 
spectacle. They are called combinations. 

Flying Pieces (Abstract) 

47 [18a— bj Liu hsing jfcj| (flying star, rocket), 
flying rat, flower-moon, etc. are the small flying 
pieces In plays, for instance, the /mew-people 
(immortals) hading the crane, the envoy Hsiao M 
riding on the phoenix's back, the golden lotus 
bursting out from the ground, the five old men 
going back to heaven, etc are the flying articles of 
larger designs 

Water Fireworks (Abstract) 

48 [19a] Powder is put in pig’s intestines, paper 
swans, bamboo cylinders, etc to make fireworks 
which are fired on the surface of water. Colored 
smokes and water-mice are fired under the water 

Moving Pieces for Banquets (Abstract) 

49 [19a— b] Small articles such as jumping grass- 

hoppers, wandering fish, running snakes, galloping 
deer, etc , all of these being small pieces about an 
inch in length, are fired after a banquet It is sup- 
posed that their smoke facilitates recovery from 
over-mdulgence. < 

Folding Frames (Abstract) 

50 [19b-20a] Folding frames in the form of leaves 
are made of iron wires They can be folded over for 
the mounting of fireworks 

Assembling the Display (Abstract) 

51 [20a— b] Pieces are fastened onto the frame 
with bamboo fillers or paper-wrapped iron wires, 
but not with hemp rojie, for the latter slips 

Connections (Abstract) 

52 [20b— 21b] There are internal connections and 
external connections The internal ones use powder 
while the external ones use match 

TABOOS 

53 [22a] Essentially, no precautions are needed 
in the use of huo hn ikljff, (fire-plays, fireworks), 
but, lie cause of their violent character and light 
producing ability, wherein they resemble the sun- 
shjpe on all the devils, they are not to be treated 
carelessly Although ni yun JEW (woolen cloth) 
and ching pu mm (muslin) can stop the shooting 
of a candle, and iron shots and magnetic stones are 
able to control sulfur, these are the specific proper- 
ties of the substances, but human actions also 
accbmplish their effects 


54 The compounding roust not be done in a 
family which is in mourning. It is especially pro- 
hibited in the house where a funeral has been held 
or where a man has died, for there the misfortune of 
accidental fire is certain to happen 6 In case the 
mourning is for someone outside of the immediate 
family, and in case the family wishes to buy powder 
and must use it, a piece of red silk-cloth may be 
hung m the compounding room to release (the 
family) from the prohibition of using powder In a 
house where fireworks are being made, one must not 
burn Is' an s ha ntp (grass’) or bamboo leaves lest 
by this means the essence of the saltpeter is weak- 
ened. 

55 During the packing of powder, if a drum is 
beaten to stnke power into the powder, the fire- 
flowers will be brighter However, during the com- 
pounding, the sound of a drum must not be heard 
lest the powder in consequence acquire the defect of 
bursting The ashes on the charcoal must be re- 
moved before use If [22b] a charcoal with adhering 
ashes is used, the resulting powder will usually be 
impeded Probably the ashes are the ghosts of 
charcoal and the charcoal is afraid of them 

56 Women are not allowed to handle the jiowder. 
If the powder is packed by women, the crackers will 
change into fountains and vice versa. Smoking is 
forbidden m the powder room The room should be 
kept quiet and neat, and noisy talk forbidden m 
order that the soul of the powder may be soothed. 
Care must be taken to prevent any changes in the 
powder. The testing of powder must not be carried 
out at any place near the powder house The filling 
of the cylinders must not be done near any fire or 
smoke The apparatus for handling the powder 
must be closed tightly, and the access of wind must 
be prevented. After long standmg in the wind, the 
powder takes fire spontaneously Artifices after 
being loaded with powder, must not be heated again 
(for drying), for there is danger that the powder 
may show its behavior spontaneously after long- 
continued warming The tamping or pounding of 
the powder must be neither too heavy nor too light, 
and the amount of the powder may not freely be 
increased or decreased. The packing of powder by 
lamplight is not permissible The openmg of the 
powder container on a rainy day is not permissible. 
Those who hold established formulas will be limited 
by them, who understands elemental changes? 


‘Fireworks, especially crackers, are used in China 
solely for celebrations or for the purpose of expressing 
joy, and are avoided in times of sadness They are 
supposed to have the power of driving devils away. 
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Skill of Craftsmanship (Abstract) 

57. [22b] The various operations, the fastening of 
the artifices, the connecting of the fuses, the prepara- 
tion of the powder, the tamping in of the charges, 
etc., all require special tricks of manipulation 

The Spare Pole (Abstract) 

58 [23b] A stick or pole is useful in case some of 
the hanging pieces misfire or burn improperly. 

A NOTE ON READING THE TREATISE IHJO 
IJSI LUEH 

By Yang Fu-chi ««v.- 

[24a] An account of fireworks has rarely been 
published. The only available information appears 
in Yueh ling kuang i (The Ywh-hng 

Expanded, by Ftng Ymg-ching: HQMrA) and in 
Wan eh a chih (Memoranda of Wan-shu), 

both of which were written in the Ming HJJ dynasty 
These contain only a few words (on fireworks), and 
are of little use Chao Hstkh-min of 

Ch'xen-t'ang giving himself to relating m 

detail the formulas for manufacturing fireworks, has 
prepared a book Although the subject is trifling, 
much energy and patience has gone into the collect- 
ing and assembling of materials. The work really 
occupies a place which has never before been filled 
By no means should we laugh a bit at this composi- 
tion as useless Yang Fn-chi of Chfrn-tst M®, rn 
the late summer of the year kuei-yu (1753) 

NOTES 

1 Chao’s description of the purification of salt- 
peter is so incomplete that one is tempted to infer 
that he had liad no experience with the process 
No effort apiiears to have been made to supply the 
deficiency of potassium m the crude material, or to 
replace the calcium which is commonly present, as 
is done m Europe by the use of wood ashes 
2. It is interesting to find that saltpeter, the 
oxidizing agent, is related m Chinese chemistry of 
the eighteenth century to the negative principle, 
yin, as oxygen m Europe was considered to be de- 
phlogisticated air, and that sulfur in China was the 
embodiment of the positive principle, phlogiston, 
the essence of pure yang 
3 Unpurified saltpeter containing sea salt is 
more hygroscopic than the purified material Im- 
pure saltpeter encourages charcoal (with which it is 
mixed) to take up moisture, and iron filings to rust 
4. The clarification by means of glue would work 
White turnips boiled m the solution of impure salt- 


peter would absorb a certain amount of the dissolved 
salts, and conceivably might, as the text suggests, 
remove the chlorides faster than the nitrates — but 
we have no information on this point 

8 The process which is here described for the 
preparation of liquid sulfur might well yield a solu- 
tion of ammonium polysulfide which would have 
several of the characteristic properties of sulfur 
It would, for example, blacken the common metals 
including mercury, and would also convert mercury 
into cinnabar by suitable manipulation The other 
reactions which are enumerated are not so evident, 
the purple color with magnetic stone and the dis- 
turbance with saltpeter, for ammonium polysulfide 
solution does not react with saltpeter With pig fat 
it would emulsify to form a salve or ointment 

10 Charcoal is hygroscopic. Chao recommends 
that it be kept, as we would say, “m a desiccator 
over lime.” 

1 1 Charcoal which has taken up water makes the 
compositions which contain it unreliable in their 
performance 

12 The wet method of making black powder, 
particular sulfurless gunpowder, is at present in use 
in this country. The text apparently refers to sul- 
furless gunpowder Particles of charcoal impreg- 
nated with camphor (snow-lantern-powder) would 
produce an interesting effect when used m gerbs or 
fountains. 

13 The powder is mixed with lacquer and cast, 
the resulting mass is not affected by moisture, and 
is stable in its properties No analogous method 
was in use in Europe 

14, 15 Powdered cast iron and steel dust were 
used in Europe at this tune, and mixtures containing 
powdered cast iron were generally called Chinese 
fire. Lieutenant Robert Jones, contemporary with 
Chao, reports the following formulas 

“For a Brilliant Fire Meal jxnvder twelve pound , 
saltjieter one pound, brimstone four ounces, and 
steel dust one pound and a half 

“Chinese Fire Saltpeter twelve ounces, meal 
powder two pound, brimstone one pound two ounces, 
and beat iron twelve ounces 

“For Gerbes Meal powder si\ pound, and beat 
iron two pound one ounce and a half ”• 

The same author gives six compositions “for stand- 
ing or fixed cases” (fountains) of which two contain 
steel dust Needle steel (drillings from the manu- 
facture of needles) are used m gerbs in this country 
at present. 

'Jones, “Artificial Fire-Works, Improved to the 
Modern Practice, From the Minutest to the Highest 
Branches,” etc., 2nd ed., London, 1766, pp. 43, 44. 
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Cuthmsh states that “D'lncarville, a missionary 
at Pekin, obtained the process for making Chinese 
fire; and observes, that the pulverized cast iron they 
employ is called iron-sand, of which they have six 
numbers or varieties 7 . . . 

“The Chinese have long been in possession of a 
method of rendering fire brilliant, and vanegated 
in its colours. Cast-iron, reduced to a powder more 
or less fine, is called iron-sand, because it answers to 
the name given to it by the Chinese They use old 
iron pots, which they pulverize, till the grains are 
not larger than radish seed; and these they separate 
into sizes or numbers, for particular purposes 
Chao’s text indicates a real understanding of the 
properties of powdered iron, and mentions several 
wise precautions to be exercised in its handling The 
practice of wrapping the powder in paper and keep- 
ing in a desiccator over lime is a good one, but it 
does not guarantee the keeping qualities of the 
mixtures in which the iron is subsequently used 
Cutbush however recommends a somewhat similar 
method of storage. “As the goodness of iron or 
steel dust, in fire-works, depends greatly on its 
being dry, and not oxidized or rusted; its preserva- 
tion must be accordingly attended to The usual 
preservative is to put it in a box, lined with oiled 
paper, and covered with the same, or in tin cannis- 
ters, with their mouths well closed. 8 * . . . 

“It should be observed, that rockets, into the 
composition of which, iron-filings and iron-sand 
enter, cannot be long preserved, owing to the cliange 
which the iron undergoes in consequence of mois- 
ture.” 10 

On the subject of preserving steel and iron filings, 
Jones says — “it sometimes may happen, that fire- 
works may be required to be kept a long time, or 
sent abroad, neither of which could be done with 
brilliant fires, if made with filings unprepared, for 
this reason, that the saltpeter being of a damp 
nature, it causes the iron to rust, the consequence of 
which is, that when the works are fired, there will 
appear but very few brilliant sparks, but instead of 
them a number of red and drossy sparks, and 
besides, the charge will be so much weakened, that 
if this should happen to wheels, the fire will hardly 
be strong enough to force them round, but to pre- 
vent such accidents, prepare your filings after the 
following manner ” u 

7 James Cutbush, “A System of Pyrotechny, Com- 

prehending the Theory and Practice,” etc , Philadel- 
phia, 1825, p 202 

' Ibtd., p 371. 

• Cutbush, op cit , p. 202 

>« Ibid., pp. 371-372 


He then describes the process of coating the filings 
with sulfur by stirring them up with melted brim- 
stone. This method was commonly used in Europe 
as late as the first half of the nineteenth century, but 
it is more usual now to coat the filings with beeswax, 
paraffin, or linseed oil 

17 Different kinds of charcoal for quick and for 
slow match. 

18 The match is kept dry by means of lime. 

20 The tnck of leaving the ends of the match 
unpiped, and thus of causing the match tube or pipe 
to fall away from the piece after the match has 
burned, is one which does not appear to have been 
used in Europe The piped match burns almost 
instantaneously, but the portion of the match 
which is not enclosed within the tube burns slowly. 

21. The use of alum for fireproofing was ancient 
and widespread Archelaos, one of the generals of 
Mithradates m the war with Rome in 87 B. C fire- 
proofed a wooden tower by means of alum, and the 
wooden siege engines which the Romans used in the 
war of Constantine and the Persians in 296 A. D. 
were similarly treated. 11 

22. Many kinds of dyed paper are bleached by 
the sulfur which is used in the compositions, but 
the common pigments are generally not affected. 

23. 24. The Chinese technique in the making of 
fountains is described The conical shape of the 
interior of the container provides what amounts to 
the choke or constricted exit for the gases in Euro- 
pea* practice. 

25 Orpiment and realgar, sulfides of arsenic 
which occur naturally as minerals, were used in 
European compositions at an early date. They are 
combustible and burn with a bright, white light 
They are also volatile, and yield yellow smokes to 
the extent that they escape combustion The intent 
of the statement that shreds of cotton give violet 
light is not clear. Verdigris does impart a greenish 
or bluish color to the flame, especially if chlorides 
are present; lead compounds tend to give a lilac 
color; but black light from pine soot is obviously 
impossible. It is probable that the word, light, 
applied to the effects of verdigris, vermilion, white 
lead, and pine soot, is in error and that the appear- 
ance, like a smoke puff, of a cloud of the finely 
powdered material, blown about by the force of the 
burning composition, is really intended. 

26. The lapis lazuli, cinnabar, and calomel are 
evidently intended to be usqji in the Btate of fine 
powders to produce colored clouds of dust, and the 

11 Jones, op. eit , p. 83. 

** Partington, “Origins and Development of Applied 
Chemistry”, London, New York, Toronto, 1985, p. 148. 
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metal foils, gold, silver, and tin, to be blown out in 
the same way as the colored powders to produce 
interesting visual effects. Pitch burns to produce 
soot or black smoke. Calomel is volatile and will 
produce a white smoke; it is used occasionally at 
present, particularly in blue lights, to supply 
chlorine which enhances the blue color which copper 
compounds give to the flame Potassium nitrate 
(saltpeter) mixed with combustible materials gives 
a violet flame, sodium nitrate a yellow one. 

29 The wet method of making black powder is 
described, and explanations given of the effects of 
dry roasting and of wet roasting with the admixture 
of other substances. 

30 A copper compound to reduce the yellowness 
of the flame. If the powder is boiled with rosin oil 
(possibly turpentine), its flame will be smaller in 
size but more lasting in time. 

31. There are certain incombustible substances 
which are useful in the pyrotechnic art for the 
production of various effects 

32. Rosin can “concentrate spreadmg light into 
spot light” by preventing an explosive expansion 
of the mixture in which it is incorporated 

33. Mice-powder and moon-lantem-powder are 
special powders for use m particular fireworks. 
The author makes practical observations which 
suggest that he has had an extensive experience with 
pyrotechnics, he mentions the effects of the salt- 
peter, of the sulfur, of the charcoal, of the iron sand, 
etc., and the fact that obstructions in the choke 
cause the piece to shake or to jump about 

34-37 The coated and composite grains evi- 
dently represent a technique of Chinese origin and 
indicate that certain of the effects of the fireworks 
are intended to be observed in the daytime The 
burning grains of powder trace out their flight both 
by their flame and by their smoke A compact mass 
or grain of burning composition, thrown out from 
a rocket, Roman candle, gerb, fountain, or flower 
pot, is called a star in our present practice. Com- 
posite stars are made in this country in such manner 
that the stars change color while they are burning 
or that the single stars burst into several stars of the 
same or of different colors But daylight fireworks 
have not been popular, and we have not known of 
stars being coated with materials which produce 
colored smokes as is described m the Chinese text 


The use of iron sand would produce an effect similar 
to that of penny sparklers or of electric spreader 
stars. 

38. It is a good practical observation that the 
powder for crackers must be packed loosely but that 
the powder for fountains is pressed hard. The 
hard-pressed mixture bums from its surface, the 
flame from the burning cannot penetrate into its 
mass If it were loosely packed, like granular gun- 
powder, the mixture would bum rapidly throughout 
its mass and an explosion would result The 
tendency of mixtures containing iron sand to lose 
their uniformity is also correctly noted. These 
mixtures must lie stirred constantly while they are 
being loaded and then pressed, tamped, or pounded 
so firmly into place that they can no longer separate 

39. The Chinese names for the various pieces of 
fireworks are no more bizarre and fantastic than 
those which are used in this country Recent 
American catalogues list such pieces as "jeweled 
cascade,” “devil among the tailors,” “golden sun- 
rise,” “whistling pigeon,” “wheel of fortune,” 
“illuminated surprise,” “yellowstone wbnders,” 
“fountain of youth,” “jack in the box,” “horn of 
plenty,” “diamond necklace,” “Hawaiian frolic," 
“dance of the fairies,” and “messenger to Mars ” 

42. The fireproofing of paper with alum, or, if this 
is insufficient, by the use of an additional dusting 
with zinc carbonate, fuller’s earth, or lime 

54 Sympathetic magic, the bad effects upon the 
powder of mourning, death, funerals, etc , but, if 
the mourning is for someone outside of the im- 
mediate family, then its effect may be counteracted 
by magical means. 

55. Magical effects on the powder of the beating 
of a drum Wood ashes mixed into the powder 
make it burn more slowly 

56. An intermingling here of magic with sound 
good sense . several sage precautions to lie observed 
in the handling or powder are mentioned The 
statement that the powder takes fire spontaneously 
after long standing in the wind appears tb be in 
error, but may perhaps contain a certain element of 
truth. The several components of the powder, 
differing m density, would be mbre or less separated 
by the wind, and the blowing about and settling of 
the dust would introduce new hazards which might 
result in easy, if not actually spontaneous, ignition 
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1. Introduction. Since 1914, when the first 
gyromagnetic effect to be observed was dis- 
covered, 1 by a method of electromagnetic induc- 
tion, many researches have been made on the 
gyromagnetic ratios of magnetic substances. In 
the case of ferromagnetic substances, successful 
measurements of this ratio (i e. the ratio of the 
angular momentum of the magnetic element to 
its magnetic moment) have been made by inves- 
tigating two different, but closely related effects, 
vi*: (1) magnetization by rotation, or the Barnett 
effect; and (2) rotation by magnetization, or the 
Einstein-de Haas effect. 

Much the most extensive measurements have 
been made in my own laboratories, in two series, 

1 Ohio Academy of Sciences and American Physical 
Society, November and December, 1914. See S. J. 
Barnett, Magnetization by rotation, Phys. Review 8: 
289 - 270 , 1915 . 


us follows: one series (I) by means of my own 
effect (1920-1925), *• * the other series (II) by 
means of the Einstein-de Haas effect (1925- 
1939). 3 The results of the two investigations 
agree, for the most part, very well, but those of 
the second are much the more precise, partly 
because the sources of error in working with the 
Einstein-de Haas effect, while themselves quite 
difficult to eliminate thoroughly, are not so 
difficult to eliminate as are those encountered in 
working with the other effect. The evidence 
appears to show definitely that the results of 
Series II are the most precise which have hitherto 
been obtained. 

On account of such discrepancies as exist 
between the results of Series I and Series II it has 
long seemed important to make a new and inde- 
pendent investigation of the rotors used in Series 
I by means of the same effect, even if increased 
precision should be impracticable to attain. The 
first part of such an investigation is described in 
this paper. Fortunately, for most of the rotors, 
the precision has already been considerably in- 
creased over that of Series I. 

At the same time it is important to study the 
various methods of investigation further with 
the hope of increasing the precision. For the 
pure magnetic metals and alloys to which my own 
work has been restricted, the values of the gyro- 
magnetic ratio extend through only the small 
range from about m/e x 1 00 to about m/e x 1.08 
or 1 09, and only two of them are known to less 
than one per cent. Furthermore, as Professor 
Pierre Weiss remarked to me at the Strasbourg 
Reunion ,* the work “must be extended to more 


* S. J and L. J H Barnett, Proc Amer Acad. 60. 
127-218, 1925. 

1 See especially S J. Barnett, Qgromagnetic ratio* for 
ferromagnetic substance » New determination* and a ’ 
new discussion of earlier determinations. Proc. Amer. 
Acad. 73, 401-455, 1940. See also a briefer discussion 
in the reports of the Reunion d’ Etudes sur le Magnet- 
isms, held at Strasbourg under the presidency of P. 
Weiss in 1939. These reports were published in 
Paris by the Institut International de Cooperation 
InteOectusUe and the Service Central de la Rtchercke 
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substances and to the same substances in different 
states, and for this purpose it is necessary to 
increase the precision.” 

Series I was made by a magnetometer method 
in a building free from iron, a part of the plant of 
the Department of Terrestrial Magnetism of the 
Carnegie Institution of Washington, where the 
magnetometer could be controlled without too 
great difficulty. Experience in the Norman 
Bridge laboratory, which is full of iron, involving 
the use of a magnetometer in another investiga- 
tion, 4 convinced me that in this laboratory the 
method of electromagnetic induction would be 
preferable, if it could be made sufficiently sensi- 
tive, on account of the superior degree of freedom 
from asymmetry — the source of most of the 
errors — which it makes possible. At the same 
time it offers the great advantage over the 
magnetometer method that in it provision can 
far more readily be made to measure only changes 
of magnetization instead of magnetization itself. 
Furthermore, for the sake of a greater degree of 
independence, it was desirable to adopt a method 
radically different from that used in Washington. 

The new work is still far from complete, prog- 
ress having been greatly interfered with by the 
defense and war situations. While it is certain 
that the work can be greatly improved in many 
particulars, nevertheless a degree of precision at 
first hardly hoped for by the method of investiga- 
tion here adopted has already been achieved in 
this preliminary work, and important indepen- 
dent confirmations of earlier work obtained. 
For this reason, and because the investigation 
cannot probably be greatly advanced until after 
the war is over, publication of the work already 
accomplished is being made at this time. 

2. Principal sources of ehror associated 
WITH THE ROTATION IN THE METHOD OF ELECTBO- 
magnetic induction Most of the sources of 
error so far discovered in the study of magnetiza- 
tion by rotation, together with methods designed 
to eliminate them, are discussed in the earlier 
papers. Some of these will be treated further, 
and others will be discussed, in this paper. The 
sources of error directly associated with the 
rotation may be divided into two classes as 
follows: 

A. Source s independent of the rotor's magnetiza- 


tion, viz. . (1) eddy currents arising from incom- 
plete compensation of the earth’s magnetic field, 

(2) electric currents produced by thermal effects 
at the bearings and by air driven by the moving 
rotor against the adjacent parts of the apparatus, 

(3) electrical or magnetic effects in the motor and 
other driving apparatus and auxiliary apparatus. 

B. Source s dependent on the rotor’s magnetiza- 
tion, viz.: (1) torsion of the rotor, driven from one 
end and moving with friction in a bearing at the 
other, (2) thermal effects on the rotor due to 
friction at the bearings and to air currents, (3) 
centrifugal expansion, and other strains, produced 
by the rotation and perhaps by gravitation, (4) 
axial displacement of the rotor produced by the 
rotation, (5) displacement of the rotor in altitude 
or azimuth, or distortion, in the incompletely 
compensated magnetic field of the earth, (fl) 
non-uniform initial position-angle setting of the 
rotor, (7) vibration. 

3 The method of electromagnetic induc- 
tion AS APPLIED TO THE STUDY OF MAGNETIZA- 
TION by rotation. In the method of electro- 
magnetic induction a coaxial coil of insulated 
wire surrounds the rod under investigation and is 
connected in circuit with a galvanometer of the 
fluxmeter type. If the magnetic moment of 
the rotor is changed by any small amount the 
fluxmeter gives a deflection proportional thereto. 
In the main experiment the angular velocity of 
the rotor is changed by the amount 8Q and a 
change of magnetic moment 8 M results, produc- 
ing a deflection D of the fluxmeter. In a calibrat- 
ing experiment a minute axial magnetic intensity 
is applied to the rotor and is altered by an 
amount 8 H. This produces a change 8 M' in the 
moment, which causes a deflection A of the 
fluxmeter. The quantities 8 M and iM' are pro- 
portional, respectively, to the change p8Q (where 
p is the gyromagnetic ratio of the magnetic ele- 
ment) in the intrinsic magnetic intensity of rota- 
tion and the change 8 H in the intensity of the 
axial field. Thus we have 


whence 


83f p8Q D 

sm' = “ r 

D 8 H 


. . . (3-1) 


Scimtifique 4e France, under whoee auspices the 
Rtunion was held, but their general distribution has 
hitherto been prevented by the war 
♦ Proc. Amer. Acad. 68: 229, 1938. 


In the actual earlier experiments by this 
method two similar rods were mounted with their 
axes horizontal and normal to the magnetic 
meridian, and two similar coils of insulated copper 
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wire were mounted symmetrically about their 
centers, as shown in Fig. 3 — 1. These coils were 
placed in series with one another and with the 
fiuxmeter and were oppositely connected so that 
any fluctuations in the intensity of the earth’s 
magnetic field, which act in the same way on both 
rods, might produce no effect on the fiuxmeter. 
One of the rods, the compensator, A, remained at 
rest; while the other, the rotor, B, was alternately 
rotated in opposite directions, the change m its 
magnetization being determined as it came to 
rest or to very low speed. For use in the stand- 
ardizing experiments the rods A and B were 
uniformly wound with single layer coils of 
insulated copper wire; and two long wooden rods 



of the same diameter and similarly wound were 
provided for attachment to the ends of the rotor, 
in order to make reductions to a strictly uniform 
field. The earth’s field, in the region occupied by 
the rotor, was, m general, neutralized in order to 
prevent eddy currents and changes in its axial 
flux due to alterations m the shape or position of 
the rod, including possible slight alterations of 
axial orientation caused by the rotation. In 
alternate runs the rotor was rotated in opposite 
directions at the same speed in order to eliminate 
the effects of changes of magnetization due to 
centrifugal expansion and other disturbing effects 
To eliminate the effects of torsion, observations 
were made for the two orientations of the rotor’s 
axis, 180° apart. The mean result is free from 
torsional error if the frictional torques at the two 
ends of the rotor are exactly identical. Unless the 
bearings and journals at the two ends are exactly 


similar, complete elimination of the error would 
necessitate that the bearings also be reversed — a 
precaution not taken in any of the work, and if 
the centrifugal thrusts on the bearings due to 
axial asymmetry of the rotor are different at the 
two ends, complete elimination of the error would 
necessitate also that the rotor be driven alter- 
nately from the two ends, instead of only from 
one end, with a single motor. This precaution 
has been taken only in a part of the new work. 
Such interchange of motors may help, further- 
more, to eliminate the possible error due to 
differential longitudinal shift of a rotor on reversal 
of its direction of rotation. 

4. Mechanical arrangements in the new 

WORK WITH ROTOR AXIS HORIZONTAL AND ROTOR 

axis vertical. In the greater part of the new 
work the rotor, compensator, etc were mounted 
with axes horizontal, as in all the work done 
hitherto. In the remainder of the work the axis 
of rotation was vertical 

In all the earlier work the rotor was always 
directly driven by a single countershaft, or a 
series of countershafts, permanently located 
either east or west of it To eliminate certain 
errors, especially that due to torsion, it was 
therefore necessary to reverse the rotor’s azimuth 
periodically — a not very troublesome operation, 
but one requiring time and introducing some 
uncertainty because of the possible changes in 
the rotor’s magnetization incurred in the process. 

Primarily in order to effect the same elimina- 
tion, in that part of the present work in which 
the rotor was mounted with the axis horizontal, 
it was located symmetrically between two 
exactly similar motors at equal distances, and 
was driven at will by either one through a series 
of four countershafts The motors are of the 
synchronous type and were always driven at the 
same speed, viz 60 r. p s. In general equal 
numbers of observations were made with the 
two motors 

The countershafts were simple bakelite tubes 
of various sorts, with internal diameter one-half 
inch and walls one-sixteenth, three thirty-seconds 
and one-eighth inch thick. They ranged in 
length from about one foot to about two feet. 
Each of the tubes nearest the rotor was provided 
with a brass terminal piece centrally drilled to 
fit the rotor journals It was attached to the 
tube by two similar screws at opposite ends of a 
diameter, and to the rotor by a set-screw and nut, 
with a counterbalance on the other side. The 



112 


BARNETT 


terminal piecea used in much of the work ended 
in circular flanges which were drilled with sixteen 
holes uniformly spaced around the edge, to serve 
as position angle indicators. The other end of 




Fiocbe 4-1 When this photograph was taken the 
west motor etc had been removed to make room for 
the vertical drips arrangements, which are shown in 
place on the left 

the tube, in the earlier part of the work, slipped 
over a half-inch journal, to which it was fastened 
with small screws when in operation. 

This journal was part of a bronze thrust bearing 
permitting only very slight longitudinal motion 
When the screws were removed, the tube could 
be slipped farther on to the journal, freeing the 
rotor entirely from the tube In later work, in 
order to reduce longitudinal play still further, 
each of these cylindrical thrust bearings was re- 
placed by a combination ball and cylinder bearing. 
Only one of these ball and cylinder bearings was 
used with vertical drive. The cylinder was of 
bronze. The balls and rings were of steel, but 
were too small (and too well demagnetized) to 
have any appreciable effect on the work. The 
other journals of the countershaft system were 
of bronze or stainless steel, one-half inch m 
diameter, and ran in bearings of babbitt metal in 
bronze blocks. All the bearing blocks were 
mounted either on the bed plate carrying the 
rotor, on on separate piers of concrete made from 
white limestone and white Atlas cement 

For horizontal drive, the motors were mounted 
on separate concrete piers and drove the counter- 
shafts directly at 60 r. p. s. The rotor was half- 
way between the motors, which were nearly 
nineteen feet apart 

The bakelije tubes are insulators so that no 
eddy currents were formed in them; also no 
currents of thermal origin could traverse them. 


Their lack of great torsional stiffness helped te 
prevent too great initial acceleration of the rotor, 
and their flexibility made it unnecessary to take 
the greatest pains to secure exact alignment. 
They are also so light that mechanical disturb- 
ances when they do not run true are at a minimum. 

While the Washington work (I) was in progress, 
Mr. C. A. Kotterman, now of the Bell Telephone 
Laboratories, who acted as research assistant, 
suggested that m order to eliminate friction at 
the end of the rotor more remote from the motor 
we use vertical drive instead of horizontal drive. 
The effect of the torsion produced by this friction 
was small, however, and was eliminated without 
great difficulty. At the same time the change to 
vertical drive would have required a great deal 
of labor and expense. Hence the change was not 
made. In the course of the new experiments with 
horizontal drive, however, it appeared that some 
of the disturbances might be due to flexure of the 
rotor by the earth’s gravitational field; and in 
order to avoid this and at the same time reduce 
torsion it was concluded to adopt Mr. Kotter- 
man’s suggestion and modify the apparatus to 
make vertical drive possible. In the arrange- 
ment adopted the rotor was driven from above 
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only by a single motor, so that the possible 
torsional effect due to centrifugal thrust of the 
lower journal against its bearing was not elim- 
inated. 

In all the new work the rotors were mounted on 
the small bed-plate used before, and in bearings 
which are similar except that bearing bronze is 
substituted for the agate mostly used before. 
In a good deal of the work the small cylinders 
acting as bearing pieces have been slotted, and 
the clearance between journal and bearing piece 
adjusted when desirable by means of screws set 
into the heads of the bed-plate and acting 
radially at both sides of the slot. 


formed. Material was lacking to make the mag- 
netic part of this rotor as long as that of the 
others, and the defect was made up by extending 
the length of the bronze journal pieces. The 
diameter is 3 0 cm. and the length of the magnetic 
material 20 5 cm. 

Another new rotor is Electrolytic Iron III. 
It was cut from a new rod of Dr. Yensen’s 
electrolytic iron, and is 3 0 cm. in diameter. 

A third new rotor is Nickel IV, cut from a rod 
obtained from the International Nickel Co 

Finally, the old rotor Cobalt I, used in Colum- 
bus and Washington, was provided with termi- 
nals similar to those on the other rotors The 



Figure 4-3. 


In the work with axis horizontal the small 
rotor bed-plate was mounted on the same heavy 
bronze bed-plate used for this purpose in Wash- 
ington; while in the work with axis vertical the 
rotor bed-plate, the motor and all the extra 
bearings were mounted on a new long and heavy 
combination brass-and-bronze bed-plate bolted 
to a heavy vertical concrete pier resting on the 
floor, and to a heavy steel beam in the ceiling of 
the laboratory. See Figs. 4 — 1 and 4 — 2. 

In Fig. 4—3 the test coil, heavily insulated 
with felt, is shown mounted in position for verti- 
cal drive. 

5. The rotors. Mo§t of the rotors are the 
rotors used in Washington. Three new rotors 
have been constructed, and one rotor used earlier 
reconstructed. One of the new rotors is Electro- 
lytic Iron IV. This is from a part of the same 
rod of iron from which Electrolytic Iron II was 


later and better type of construction used in 
Washington was adopted. 

6. Motors, speeds, and correction fob 
imperfect fluxmkter action In the earlier 
work the accurate determination of speeda and 
the requirement of strictly identical speeds for 
the two directions of rotation, or of correction 
for the difference, made a great deal of labor 
necessary All this vanished in the new work 
because alternating current power with the con- 
stant and precise frequency 60 cycles per second 
was always available, and synchronous motors 
could be used to obtain exactly 60 revolutions per 
second. Additional speeds were not used. 

The motors are 1/8 h. p , self-storting syn- 
chronous motors by the General Electric Com- 
pany. When the unmodified motor is used to 
drive the equipment, full speed is attained in 
about 0 5 or 0 6 second after the circuit is dosed. 
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It is highly desirable that this starting interval 
be as short as possible in order that the galva- 
nometer readings may be interpreted eorrectly. 
Nevertheless, wlieu the observations began, it 
was feared that the acceleration corresponding 
to the time mentioned would be too great, per- 
haps for both magnetic and mechanical reasons. 
Hence an inertia wheel was constructed, in three 
parts. The first, A, is a heavy rolled brass disk 
provided with an axle and set-screw for attach- 
ment to the motor like a pulley. The second, B, 
is a ring of the same material which can be 
screwed onto one side of the first; and the third, C, 
a similar ring which can be screwed onto the other 
side of the first. The rings fit accurately over 
short hubs turned on the two sides of A, so that 
balancing is automatically secured 

The times required to attain full speed with 
one, two, and three discs, respectively, were 
approximately 1 1 second, 1 8 seconds, and 2.8 
seconds. 

While a number of observations were made 
with one and two discs loading the motors, it was 
found that all the discs could be discarded, and 
in most of the work they were not used at all 

It was at first supposed that a correction to the 
galvanometer readings might lie necessary be- 
cause the fluxmeter action is not perfect and the 
different effects which act on the secondary 
circuit, and which the galvanometers integrate, 
are not completed in the same time Special 
time-lag experiments, however, have shown that 
no correction is necessary except when as many 
as two discs load the motor It was estimated 
that in this case a (negative) correction of about 
one-fourth per cent should be made to the appar- 
ent values of p, and this correction has been 
applied to the relatively few results obtained 
with two discs. 

7. Neutralization or the earth’s magnetic 
field If the rotor were strictly cylindrical and 
homogeneous, and if the surrounding secondary 
coil were truly cylindrical and regularly wound 
with its wires truly circular, and were mounted 
coaxial and otherwise symmetrical about the 
rotor, then eddy currents due to the rotation of 
the rotor in the earth’s field would produce no 
resultant flux through the secondary coil, and it 
would thus be unnecessary (on this account) to 
annul the field Partly because these conditions 
were not completely realized, the chief experi- 
ments were made with the earth’s mean intensity 
in the region occupied by the rotor annulled as 
far as was practicable. 


An additional reason for annulling the earth's 
field is to prevent any change of flux through the 
rotor due either to a minute change in its altitude 
or azimuth made possible by the existence of a 
small amount of bearing clearance, to flexure 
produced by gravitation or centrifugal action, or 
to lack of magnetic symmetry. 

In the earlier part of the work with axis 
horizontal, the earth’s magnetic field was annulled 
hy two sets of coils of insulated copper wire. 
The principal set consisted of two pairs of long 
rectangular coils mounted with their wires 
(except for the ends of one coil pair) horizontal 
and symmetrical about the rotor, and thus 
normal to the magnetic meridian. The coils 



Fioim*. 7-1. 


were all somewhat more than 2 1 m long, and all 
were about 25.5 cm wide (See Figs. 4 — 1 and 
7 — 1). The mean planes of the coils which 
annulled the vertical component of the earth’s 
intensity were about 111 cm. apart, and those of 
the coil which annulled the horizontal component 
about 17 cm. apart They were wound in grooves 
1/16 inch apart (center to center), cut accurately 
in square bakehte blocks 25 5 cm on each side 
and 2.5 cm. thick. Each coil was kept stretched 
tight by means of two springs whose tension 
could be adjusted as shown in Fig. 4 — 1. The 
coil pair which annulled the vertical intensity 
had 26 turns, the other 12 turns. The other set 
of coils consisted of the large square Helmholtz 
pair used in the work on the Einstein-de Haas 
effect, which hung nearby. This coil-pair was 
connected in parallel with the other vertical- 
intensity rectangular coil and, as it happened, 
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made the residual field at the rotor more nearly 
uniform than it would have been without it. 

In the later part of the work with axis hori- 
zontal, the large Helmholtz pair was disconnected 
and the copper wires of the other coils were 
replaced by No. 20 bare spring brass wires. In 
each coil the spacing of the grooves prevented 
the individual wires from touching their neigh- 
bors. Vibration of the wires was prevented by 
the application of small pieces of surgeon’s tape. 

When the apparatus was mounted with axis 
vertical, three coils were used to neutralize the 
earth’s magnetic field See Fig 4 — 2. The 
vertical intensity coil was the coil used for the 
same purpose in the Einstein-de Haas investiga- 
tion, which was moved from its old position and 
mounted symmetrically about the center of the 
rotor. It was held in position by vertical brass 
wires attached to the ceiling and horizontal 
wooden rods connected with the pier The N-S 
and E-W components of the horizontal intensity 
were neutralized by two long coils constructed 
much like those used in the latter part of the 
work with axis horizontal The E-W coil hail 
only two turns m each half; the N-S coil had 
eight The bakelite end pieces were securely 
fastened to the concrete above and lielow by 
pieces of brass and bronze, and the wires were 
held taut by set screws, working in bakehte, 
which presses 1 against the upper ends of the loops. 
By means of the compensating coils the earth’s 
mean intensity in the region occupied by the 
rotor was reduced to a small fraction of one per 
cent 

8 Test, compensating, and calibrating 
coils. In the work with axis horizontal two 
pairs of test coils were used, of nearly the same 
dimensions and with nearly the same numbers of 
turns They were mounted as in Fig. 8 — 1 One 
pair was wound on bakelite bobbins, the other on 
brass bobbins. The coils of the first pair were 
machine wound by the Inca Co., but the windings 
were not very regular The coils of the second 
pair were wound with great regularity by the 
Hollywood Transformer Co., and were used in 
the greater part of the work. These coils were six 
inches long, inch thick, and had internal diam- 
eters of 1^ inches. Each contained a little more 
than 14,000 turns of No. 28 enameled copper wire. 
One coil served as rotor or test coil, and the other 
as compensator coil. 

Three almost exactly similar calibrating coils 
were wound, one on a bakelite tube, the others on 
brass tubes. In the case of the last two coils 


great care was taken to see that the insulation 
was always perfect (except at one end, where the 
wire was usually attached to the tube). The 
first coil was used chiefly in the earlier part of the 
work. For details of the windings see § 17. 

The test coil was mounted with precision, in 
brass clamps, coaxial with the rotor on the small 
bed-plate, and the calibrating coil was mounted 
coaxial inside the bobbin of the test coil. The 
centers of both coils and the rotor were practically 
coincident. 

In the work with axis vertical, after a few 
observations made with one of the Hollywood 
coils as compensator, mounted on the laboratory 
wall, it was replaced by a large Helmholtz pair 
centered on the rotor See Figs 4 — 2 and 8—1. 



Each coil of the pair was nearly square, about 2 
ft. on the side, 4 in. wide, and 1 in thick. The 
complete coil was wound with 2000 turns of No 
20 insulated copper wire in sections — each 
divided equally between the two halves, except 
for a few turns, permitting any even number of 
turns to be used from 2 to 2000. A special 
switchboard was provided for making the con- 
nections The coil and board were electrically 
screened and thermally insulated with felt. 

In addition to the great advantage of having 
the compensating coil centered on the rotor and 
its coil, there are the additional advantages of 
low resistance and of being able to determine 
with ease the proper number of turns for exact 
compensation for each rotor 

An approximate determination can be made by 
adjusting the current in the vertical eftrth 
intensity coil until the vertical intensity is an- 
nulled, then adjusting the number of turns until, 
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with the secondary circuit closed through a gal* 
vanometer, no deflection occurs when a slight 
change is made in the current of the vertical 
intensity coil. 

If the field of the vertical intensity coil were 
uniform throughout the extent of the compensa- 
ting coil, this determination would be exact. 
The correction which must be applied to make it 
exact was readily found by subsidiary experi- 
ments made with the help of additional coils of 
the proper shapes but smaller dimensions. It 
was found that the number of turns determined 
as above must be multiplied by 1.007. 

It was found necessary to screen electrically 
the whole secondary circuit. Much of it was 
insulated thermally. 

9. The galvanometers, photoelectric cells, 
ETC. In order to attain adequate sensitivity, two 
galvanometers were used in conjunction with 
either two similar photoelectric cells or a Moll 
thermo-relay, which was used in a relatively 
small part of the work.* The first galvanometer 
had the characteristics of a fluxmeter. The opti- 
cal arrangements finally adopted were as follows 
(See Fig. 9—1)- 



Figure 9-1. 


* I am indebted to Dr. Yensen and Dr. Goetz for 
information with regard to the photoelectric cells, and 
to the latter for the loan of the Moll relay. 


A beam of light from the filament A ot an 
electric lamp passed in a horizontal plane from 8. 
to N through a short-focus convex lens B and a 
rectangular opening C in a thin brass plate in 
contact therewith, and onward through a circular 
opening D and a long-focus convex lens E to a 
plane mirror F. This mirror sent the beam west- 
ward and slightly upward until it fell on the 
plane mirror 0 ot the galvanometer in circuit 
with the rotor and compensator coils. An image 
of a part of the filament was formed on the mirror 
G. From this mirror the beam was reflected 
eastward and slightly upward. It fell on a plane 
mirror H, which reflected it vertically downward. 
An image of the rectangular opening. C was 
formed in a fixed position 1 if there was no cur- 
rent through the galvanometer and if no further 
provisions were made. 

When the photoelectric cells were used (Fig. 
9 — 1) the beam was divided into two equal parts 
by reflection from a right angled prism J. An 
image of half of the opening C was formed on the 
face of each of the cells, K and L. When the 
galvanometer mirror moved, the upper edge of 
each half image remained essentially fixed while 
the two lower edges moved in opposite directions 
equally. When the Moll relay was used the 
vertical beam passed through a cylindrical lens M, 
which concentrated the light from C, made nar- 
row for this purpose, on or near the center of the 
thermocouple NOPQ. 

With a galvanometer having the characteris- 
tics of a fluxmeter there is of course, in general, a 
more or less slow drift, which it is often necessary 
to compensate. This was accomplished, when 
necessary, as in the work of 1914 and 1915, by 
introducing a minute extraneous electromotive 
force into the circuit. A single dry cell was con- 
nected through a reversing switch to the terminals 
of the high resistance of an Ayrton shunt. Leads 
were connected from the variable resistance 
terminals through an adjustable resistance box 
to two points, with a very low resistance between 
them, in the galvanometer circuit. This arrange- 
ment not only serves to eliminate the drift but 
provides a useful device to control the galva- 
nometer while making adjustments. 

The mirrors F and H and the lenses E and M 
were provided with all necessary adjustments; 
and the prism J,'ot the Moll relay NQ, was 
mounted on a small table which could be moved 
northward or southward by means of a fine 
micrometer screw. 

When the photoelectric cells were uaed, they 
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were connected in opposition to one another, and 
either in series or in parallel, in closed circuit 
with the second galvanometer, suitably shunted 
to produce critical or approximately critical 
damping. When the Moll relay was used its 
terminals NQ were connected to the galvanometer 
terminals through a series resistance sufficient to 
produce critical damping. 

The galvanometers with their support and all 
the optical devices, except A, B, and C were 
mounted inside a box of wood internally black- 
ened and sufficiently tight to prevent trouble 
from convection currents. Internal blackened 
screens were also provided to prevent extraneous 
light from reaching the photoelectric cells and to 
limit the beam where necessary. The lens B and 
the brass plate with opening C were mounted at 
the end of a large bakelite tube supported on a 
concrete block and projecting through a wall of 
the box without contact. The opening between 
the two was screened with black cloth. The 
lamp A was mounted on a separate concrete pier 

10. The galvanometer support. Since the 
angular motion of the beam of light after reflec- 
tion from the mirror of galvanometer G is very 
minute, it was imperative that the galvanometer 
be mounted on a support as free from vibration 
as possible. Four thin brass rods were mounted 
vertical, or nearly vertical, in four brass castings 
resting firmly on a heavy concrete shelf. A 
horizontal rectangular wooden board was fast- 
ened to the tops of these roils near its corners 
From points of this board, also near the corners, 
but nearer to the center than the rods, four 
vertical brass tubes proceeded downward At 
the bottom, a little above the stone shelf, they 
carried a second board similar to the first; and 
at a level about three quarters of the distance 
from the top to the bottom they carried a third 
and heavier board. Across the central part of 
the top of this was screwed a still heavier board 
on which both galvanometers were mounted. 
A number of pieces of angle iron were screwed 
to the boards to prevent their warpmg. The 
lower board carried heavy weights, and on top of 
the upper board were pans of oil to provide 
interna] damping. The masses were all arranged 
as symmetrically as practicable about a vertical 
line through the center. The arrangement 
formed a heavily damped inverted pendulum, 
and behaved much like the apparatus devised for 
the same purpose by R. Muller. In Midler’s 
apparatus, however, there were only three rods, 
instead of four, so that horizontal motions are 


much more likely to produce angular motion of 
the suspended system. 

11. Elimination of eddy current effects. 
Tests for eddy current effects were made in 
several different ways, as follows: 

I. As in the Washington investigation, numer- 
ous measurements were made with a copper 
rotor* of nearly the same dimensions as the 
larger magnetic rotors, similarly placed and 
rotating both in the earth’s unaltered field and 
in the compensated fields with the same speed of 
60 r. p. s. The first experiments were made with 
the Inca coils in use. In the uncompensated 
field reversal of rotation gave a mean deflection 
of 4.44 cm. when the coil was so set that a 
mark on its bobbin was as far south as possible. 
When the coil was set with the mark north, the 
corresponding deflection was — 1.09 cm. When 
the field was compensated the corresponding 
deflections were + 0 86 cm. and + 0.10 cm. 
The sensitivity was such that the same reversal 
of rotation of the permalloy rotor would have 
given the deflection — 15 cm. Thus with the 
mean field annulled and the coil set at the posi- 
tion angle giving the less effect, the apparent 
eddy current effect in copper was about 1 part in 
150 of the gyronmgnetic effect in permalloy and 
in the opposite direction, indicating that the 
apparent gyromagnetio ratio should be slightly 
increased. As shown in earlier papers, however, 
the eddy current effect in the magnetic rotors 
should be much less than that in copper, and thus 
much less than 1 part in 150 in the case of the 
permalloy rotor, with the coil set as above. 

In the case of the Hollywood Transformer 
Company’s coils with axis horizontal, the mean 
eddy current deflection for copper in the com- 
pensated field was less than + 0.1 mm. when the 
sensitivity was such that the gyromagnetic effect 
in Cohalt II was about + 6.3 cm. The deflection 
was practically independent of the position angle 
of the coil (over a range of 270°). When the 
apparatus was mounted with axis vertical, the 
copper deflection was — 0 003 cm. when the 
gyromagnetic deflection for the rotor Fe IV was 
about — 4.5 cm. 

II. Direct experiments on the eddy current 
effects in the full uncompensated field of the 
earth were made on two of the magnetic rotors, 


'The copper rotor had journals which were not 
insulated from the main body of the rotor. Hence it is 
possible that a part of the copper effect may originate 
from thermal e. m. /. « at the (bronze) bearings. 
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via., Permalloy and Norway Iron The Permal- 
loy was rotated both in the neutral field, in the 
original uncompensated field, and in the original 
field approximately reversed The Norway iron 
was rotated in the original field and in the 
original field reversed. The experiments showed 
that the full original field reduced the apparent gy- 
romagnetic ratios by the fraction 0 025 ± 0.005. 

III. In a few of the gyromagnetic experiments 
made with the Inca coils, the rotor coil was 
mounted with the mark in one of its two positions 
only In most of the work with these coils, 
however, observations m nearly equal numbers 
were taken with the coil set at this position angle 
and the angle differing from this by 180° In 
one case the eddy current effect, if any, should be 
many times greater than in the other For the 
seven rotors investigated in this group (Group I) 
the difference between the apparent values of p 
for the two cases was only the fraction 0 003 ± 
0.012 of p, the average error being thus four 
times as great as the apparent difference between 
the two eddy current effects No correction, 
was made to the results obtained in either way 

IV. In most of the horizontal drive experiments 
made with the Hollywood coils, still another 
test was applied. Half the rotations were made 
with a mark on one end of the bobbin east, and 
half with the coil reversed m azimuth and the 
mark west The mean difference found for 
Ptf-Pw was — 0 002 ± 0 015 

12. Thk position angle error and its 
elimination. If the coil, the rotor, and its 
magnetization possessed perfect axial symmetry, 
and the various effects above considered vanished, 
no change of flux through the secondary circuit 
would occur when the rotor is turned from one 
position angle to another On account of asym- 
metry, however, such changes usually occur 
If the rotor is set at a given position angle and 
then driven up to full speed (or any but a very 
small speed) the galvanometer gives a deflection 
P Corresponding to the change of flux from its 
initial value to its mean value; and this effect is 
added to all the other effects involved Since 
it is independent of the direction of rotation it is 
eliminated from the final result if the rotor is 
set initially at the same position angle for both 
directions of rotation. The deflection P retains 
very nearly the same magnitude, but changes its 
sign, when the initial position angle is altered by 
180°. To make the elimination more certainly 
complete, each group of observations mark U 
(or WO and mark D (or E) in the standard sets 


was made in two parts, (1) and (2), the initial 
position angles in the two differing by 180°. 
Also, the initial position angles were in general, 
but not always, so chosen that the deflection P 
was a small part of the gyromagnetic deflection R. 
In some cases P/R was greater than unity. 

The effect under discussion was usually in- 
vestigated for the various rotors by observations 
independent of the main rotation experiments. 
In the method frequently employed the rotor was 
repeatedly set initially at a given position angle, 
and then turned suddenly in separate experiments 
from this initial angle to each of a series of angles 
differing from this by intervals up to nearly 360°. 
A rough curve was platted between the deflec- 
tion and the increment of the position angle. 



In the main experiments the rotor was then set 
at the position angles corresponding to the mean 
deflection. This makes P zero or a minimum 

Curves of this sort are given for several rotors 
in Fig. 12 — 1 and Fig. 12 — 2 All the curves are 
for axis horizontal except that for Cobalt-Iron, 
which was mounted with axis vertical The curve 
shown for this rotor was obtained when only the 
vertical component of the earth’s magnetic 
intensity was annulled. This rotor, and some of 
the others, gave effects too small to measure 
readily when mounted with axes vertical in a 
completely neutral field. 

13 Effects of motors and bearings. Inas- 
much as the motors and bull bearings are made of 
iron they doubtless alter slightly the magnetic 
intensity of the field acting on the rotor and its 
coil. There was no reason, however, to expect 
the rotation of motor and bearing parts to pro- 
duce any mean effect; and especially there was 
no reason to expect the reversal of their rotations 
to produce any effect. 

Furthermore, direct experiments made with 
the rotor and compensator at rest and in their 
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standard positions, but with the motor and all 
the other driving mechanism in rotation except 
the countershaft nearest the rotor, have shown 
that these rotating parts produce no certain 
effect. No effect of the countershafts nearest 
the rotor was to be feared because they are made 
of bakelite tubes with only small brass plugs at 
the ends nearest the rotor. Thus with the Cobalt- 
Iron rotor in position and at rest, reversal of the 
motor etc gave the mean deflection — 0 015 ± 
0.011 cm. with sensitivity such that a deflection 
of — 8 cm. would have been produced by a cor- 
responding reversal of the rotor's own rotation 

14. Effects of radial forces on rotors 
Rough tests were made on several of the rotors 
set at fixed position angles, to see what would 
happen in both compensated and uncompensated 
fields when either end of the rotor was pushed 
strongly by hand (at a point just outside the 
bearing) northward and southward, or upward 
and downward. In one case the middle of the 
rotor also was pushed. For Cobalt II and Elec- 
trolytic Iron IV, which showed very large effects 
of longitudinal motion, the deflections were only 
small fractions of the gyromagnetic deflections, 
likewise for Cobalt I. For Nickel I the deflec- 
tions were of the same order as the gyromagnetic 
deflection, but in most cases smaller. For 
Nickel IV the effects were large, some of them 
much larger than the gyromagnetic deflection. 
The effects vary in sign and magnitude with the 
orientation of the axis of the rotor, with the 
position angle, with the direction of push, and 
with the magnetic field, and undoubtedly with 
other factors, and in such a complicated way as 
to defy a satisfactory analysis at the present 
time. 

If such effects are produced in the principal 
experiments on account of asymmetry, by the 
rotation of the rotor, as they doubtless are, they 
can have only a small effect on the determination 
of the gyromagnetic ratios, because they must 
be nearly identical for both directions of rotation 
The only reason they may not be exactly identical 
is that the rotor journals must move laterally to 
slightly different positions for the two directions 
of rotation. 

These effects doubtless enter into the quantity 
designated below as M r which is calculated on 
the assumption that it is proportional to an even 
power of the speed, and so independent of the 
direction of rotation. 

If any part of the effect is proportional to the 
speed, it is probably partly eliminated as the 


torsion effect is eliminated by reversing the rotor 
in its bearings and by reversing the drive from 
one end to the other. The effects usually re- 
versed in this manner and designated below by T 
cannot be due entirely to torsion, because they 
are in at least some cases largely independent of 
the rotor’s residual magnetic moment, in both 
sign and magnitude. 

15. Errors due to axial shift of the 
rotors, When a rotor is driven either right- 
handed or left-handed, it is possible for several 
reasons that a longitudinal shift R or L may 
occur; and the shift may be different for the two 
directions of rotation If R-L is not zero a 
systematic error may thus be introduced 

On this account three series of measurements 
of longitudinal displacements were made. The 
first series was made with a telescope and scale 
while the cylindrical bearings were m use (Group 
I) With the right motor in operation, no differ- 
ential effect was observed; with the left motor, 
a displacement of possibly 1/20 mm. at first 
occurred This disappeared, however, when the 
tiearmgs were oiled, as they were oiled in the 
gyromagnetic experiments proper. In this case 
R and L were both zero, and it was estimated 
that a shift of 1/100 mm would have been 
detected. 

The second series was made with a microscope 
after the ball bearings had been installed for 
horizontal drive (Group II). Probably 0 003 mm. 
would have been observed, but no shift was 
detectable. Only one of the two similar sets of 
bearings was investigated 

The third series was made after the apparatus 
had been mounted for vertical drive (Group III), 
with a long range microscope especially con- 
structed for the purpose Several rotors were 
used. For Electrolytic Iron III, Permalloy, and 
Steel IV (a small rotor) the mean measured 
shifts {R-L) were + 0 002 mm., + 0.002 mm. 
(and again — 0.001 mm ), and — 0 002 mm., 
respectively 

Supplementing these measurements, many 
others were made on the galvanometer deflec- 
tions produced by moving the rotors longitudi- 
nally in their bearings through measured dis- 
tances of a few millimeters. In each case the 
mean deflection D produced by moving the rotor 
eastward (or downward in the case of vertical 
drive) through a distance of 1/100 mm. was 
calculated, together with the ratio of D to the 
gyromagnetic deflection R produced by driving 
the rotor up ,to full speed in the right-handed or 
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TABLE 15 — 1 


Effects of Axial Shuts or Roroas 


1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Rotor 

Group 

/ X 10* 

A 

A' 

Rotor 

Group 

/ X 10* 

A 

A' 

Fe III 

I 

111 

+0 6 
-0 2 
+0 2 

+0 004 
+0 005 
+0 006 

+0 004 
-0 002 
+0 002 

Coll 

II 

e. m. u 
+1 6 
+0 3 
-0 3 
+0 3 
+0 6 
-0 4 

-0 012 
-0.008 
-0.012 
-0 009 
-0.010 
-0 016 

-0 011 
-0 017 

Fe IV 

II 

III 

-0 3 
-0 3 
+0 3 
+1 2* 
-1 2 
+ 1 2 
-0 2* 
+0 2 
+0 2 
+0 2 

-0 024 
-0 020 
-0 018 
-0 003 
-0 009 
-0 009 
-0 002 
-0 002 
-0 003 J 
-0 003 J 

-0 024 
-0 023 
-0 025 
-0 003 
-0 009 
-0 006 

Hopk A1 

III 

-36 

+36 

+0 002 
-0 002 

+0.003* 

Permalloy 

III 

-1 8 
+1 8 

+0 003 
+0 004 

-0 002 

0 000 

Cobalt Fe 

III 

+0 3 
-0 3 

+0 001 
+0 001 

0 000 
-0 003 

Steel III 

III 

+0 ft 
-0 5 

-0 004 
-0 005 

-0 005 
-0 008 

Ileualer 

Alloy 

111 

+0 2 
-0 2 



Nil 

11 

II 

III 

-1 4 
-0 3 
+0 3 
-0 2 
+0 2 

f 0 005 
+0 
+0 

+0 005 

0 000 

+0 002t 
005t 

007 f 

[ 

l +0 005t 

Ni IV 

II 

III 

+2 1 
+0 I3±* 
-0 13db 
-0 13-i. 

+0 

+0 002 
+0 001 

0 000 

038t 

+0 00ft 

Col 

II 

; 

-1 8 
+1.8 

-0 004 
-0 004 

-0 004 
-0 004 


* Demagnetized with A C 

t The reoord does not show whether the earth’s field was compensated or not. 
t Only the vertical component of the intensity ot the earth's field was annulled. 


clockwise direction as seen from the west end in 
the case of horizontal drive (or from above in the 
case of vertical drive), at the same sensitivity. 
The mean values of this ratio, designated by A 
for the case in which the earth’s field was com- 
pensated, and by A' for the case of uncompen- 
sated field, are given in Table 15 — 1. 

These results, coupled with the observations 
on the actual longitudinal shifts of the rotors, 
appear to indicate that in at least most of these 
typical cases only negligible mean errors could 
have resulted from longitudinal shift. It was not 
practicable, however, to keep the bearings in 
e*actly tbe same state at all times, so that ap- 
preciable errors doubtless sometimes occurred. 

The magnitude of the quantity A is the frac- 
tional error in the magnitude of p which would 
result from 1/100 mm. shift. 


The quantities / X 10* in column 3 are rough 
values of the mean intensity of magnetization 
of the rotors multiplied by 1000, the sign in each 
case indicating the polarity of the downward 
(or eastward) end. 

The effects A and A' would be expected to 
vanish if the magnetization were symmetrical 
about the equatorial plane of the rotor and if the 
longitudinal gradient of the residual magnetic 
intensity were zero. The parts of A or A' due 
to the gradient should have the same sign for all 
shifts in Groups I and II, and likewise for all 
shifts in Group III, as in fact A and A' often do. 
The parts due to asymmetry might or might not 
change sign with the measured magnitude or 
sign of the magnetization. Both kinds of effect 
are apparent in the table. A complete analysis 
seems impossible. 
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16 . Processes involved in the main experi- 
ments AND THE STANDARDIZING EXPERIMENTS. 
In the main experiment, idealized for the case in 
which no sources of error are present, two proc- 
esses are involved, equivalent to the following: 

(1) In the first process the angular velocity of 
a rotor is quickly raised from 0 to 13 radians per 
second, and the galvanometer deflection R due 
to the change of flux through the secondary 
circuit is read. The change in the moment of 
the given rotor in this process is 

8 Mr - CpQ (16—1) 

where C is a constant for the rotor. Then 
■= \KrIMr + t KrIMr * 

KrIMr - KnCpCl (16—2) 

where i Kr and %Kr, whose sum is Kr, are con- 
stants for the given rotor and rotor coil, and the 
rotor and compensating coil, respectively. Al- 
ways *Kr I iKr« 1, and iK r is nearly identical 
for all rotors. For the deflection R produced by 
8 <Pr we have 

R = Alf H - AK R CpQ (16—3) 

where A is constant for the secondary circuit used 
with the given rotor. 

(2) In the second process a small current t, is 
sent through the short primary coil surrounding 
the rotor, and the deflection S due to the change 
of flux dtp, is observed. In this case we have 

S » ,48p. = A UK, + ,K.) 8 M, = AK.IM, 

(16 — 4) 

where IM, is the change in the moment of the 
rotor and coil together, and 1 K, and s K„ whose 
sum is written K„ are constants evidently nearly 
equal to \Kr and t Kr, but not quite equal because 
the equivalent intensities of magnetization are 
not similarly distributed in (1) and (2). 

In (1) the intrinsic intensity of rotation, viz. 
Hf S pQ, is strictly uniform, while in (2) the 
field acting on the rotor is not uniform, nor is the 
field limited to the volume occupied by the 
rotor. It is necessary to find the deflection A 
(§ 3) which would be produced by a known 
uniform intensity Ho acting on the rotor alone. 

Consider therefore the following procedure 
Imagine the solenoid, with diameter and number 
of turns per unit length unchanged, to be length- 
ened symmetrically about the rotor to such an 
extent that its field in the central section occupied 
by the rotor is essentially uniform, intensity 
Ho ■* 4icnt',. Suppose leads to be attached both 


lil 


at the (new) ends and at the points of the winding 
to which leads were attached before the length 
was increased. 

If now the current i, were sent through the 
complete coil, with the rotor in position, we 
should obtain, instead of (16 — 4) 

S' - Alp.' (16—6) 

If the same current were sent through the coil 
with the rotor removed we should obtain 


Hence, 


S" « Alp," 


(16-6) 


S' - S" (= A, § 3 ) = A (89/ - 89.") 

- AKrCHo (16-7) 

is the deflection produced when the intensity 
H 0 “ 4xnt, acts on the rotor alone. 

From (16 — 3) and (16 — 7) we find 


pQ R _R 
H 7 * S' - S" " A~ 


(16-8) 


It is, of course, not practicable to extend the 
rotor solenoid in situ as imagined above. For 
this and other reasons we proceed as follows: 

We construct another solenoid, exactly like that 
imagined, and mount the rotor and the coils in 
the same positions with regard to it. We also 
replace the two galvanometer arrangement with 
a single galvanometer less sensitive than either 
of the other two, and observe the throws Do' and 
Do" (corresponding to S' and S") produced by 
reversing a current I, which is much larger than 
i, but still so small that the effects produced 
remain proportional to currents In addition we 
observe the throw Do (corresponding to S ) pro- 
duced when the current I is reversed in the 
central part of the long solenoid (identical in 
dimensions etc. with the short solenoid) while 
the rotor is in place. 

We now have 


Do’ - Do" => AK r C • 4xnl (16— 9) 

in place of (16 — 7) ; and 

Do - Alp’ - AK.IM' (16—10) 
in place of (16 — 4). 


From (16 — 7) and (16 — 9) we get 
S' - S " i ± 

Do' — Do" I 

and from (16—4) and (16—10) we get 


(16-11) 
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_S_ = 

Do I 

From the last two equations we get 
S' — S" = A = (Do — Do") -- 
and thus 

pQ ft ftp Do •] ft 

_ = _ = _L__— -J = _ a 


(16—12) 

(16—13) 

(16—14) 


17. The calculation of the gtbomagnetic 
ratio. Both of the standardizing short solenoids 
wound on brass tubes (§ 8) had exactly the same 
diameters (about 41 mm. internal), lengths 
(about 28.5 cm ), and number n of turns per cm. 
(44/2 540), the total number of turns in each 
being 494. They were lathe wound (with screw) 
from No. 28 cotton-enamel copper wire. The 
long solenoid was similar, but about 90 cm. long. 
Thus for each of these solenoids 


where a is written for the quantity within the 
brackets. 

The values of a for the different rotors used in 
the investigation described here are given in 
Table 20 — 1 column 12 They are known to 
about 0.1 per cent, and are identical for horizontal 
and vertical drive, and for the Inca and Holly- 
wood coils and the two compensating coils. 

From (16 — 14) we obtain 


Ho ft 

"sT ~S 


(Kb 


■If.) 


In the earlier work, both that by the method 
of electromagnetic induction and that by the 
magnetometer method, the calibrating deflection 
corresponding to ft was in general obtained for 
any set either liefore or after, or both before and 
after, the rotation experiments proper were com- 
pleted, and with LI either very small or zero In 
some cases the calibration was made with the 
rotor at full speed, but little difference was found. 

In this work, for a greater degree of certainty, 
the precaution has been taken, as indicated above, 
to measure ft and ft simultaneously Switches 
are provided by which ft and ft can be given the 
same direction or opposite directions at will 
In half the work S + ft = is obtained; in the 
other half, ft — ft = ft Then ft/ft = (A — ft) / 
( A + ft), or 


ft - S (A - ft) / (A + ft) 

From (16 — 15) and (16—16) we get 


H „ (A - ft) 

P " Q (A + B) 


(16—16) 

(16-17) 


for the final calculation of p 
An important reason for this procedure is that 
ih the sensitive arrangement used in this work 
the seuj^tivity does not remain steadily constant, 
but often undergoes changes of a regular, or 
more or less irregular, character 
Another important reason for this procedure is 
that it eliminates effects of vibration 

$ 


4x X 44 


The short solenoid wound on bakelite, through 
an error on the part of the mechanician who con- 
structed it, had at first 495 turns in its complete 
length, but was otherwise exactly similar to those 
wound on brass The error was discovered, and 
was corrected, in the earliest part of the work, 
although the difference was too slight to effect 
the results appreciably 

The standardizing current L, was obtained 
from a single dry cell in series with one or more 
high resistance coils whose resistance Z was 
precisely known Usually Z was the resistance 
of a standard megohm box It was never less 
than one megohm The electromotive free t|> of 
the cell was determined almost every night 
observations were made by comparison with a 
standard Weston cell, itself repeatedly checked. 

The angular velocity Q in radians per second 
was always 

Q = 2* X 00 


For e/m the value 1.759 X 10 7 was adopted. 
Thus the formula (16 — 15) becomes 

4 it X 44 4* (volts) w 1.759 X 10 7 
?e m ~ 2.540 F(ohms) X Tox 2x X 60 
ft 

X— « (17—1) 


When, as usually, Z = 1 megohm, this formula 
becomes 

p e/m = 1 0157 X 4- X a X ft/ft* (17-2) 

• With Z — 1 megohm and ^ approximately equal 
to 1.5 volt the quantity ft/ft was always less than 
unity. See the example in $ 18. In the case of a few 
rotors observations with the Moll relay in use, and 
horizontal drive, were made both with ft IS less than 
unity, and with ft/ft greater than unity, R/S in one 
group being approximately equal to S/ft m the other. 
This was done in order to reduce any error which might 
originate in lack of proportionality between deflections 
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The errors in all of the constants are entirely 
negligible. 

18. Example of a set of observations. 
Determination of p, x, P, and M/R. The pro- 
cedure in making the observations is described in 
the next section. An example of one set of ob- 
servations (with vertical drive) is given in Table 
18 — 2. The symbols RR, RL, etc. used in this 
table are interpreted in the preceding table, viz. 
Table 18 — 1. The first letter refers to the rotor, 
the second to the calibrating coil Thus the 
symbol RR means the deflection produced when 
the rotor, looked at from above in the case of 
vertical drive, or from the west end in the case of 
horizontal drive, is driven clockwise and the 
solenoid is so connected that it produces a deflec- 
tion in the same direction as that produced by 
the gyromagnetic effect in the rotor. 

The quantity R is the deflection due to the 
gyromagnetic effect being investigated, S the 
calibrating deflection, T the deflection due to the 
torsion (and other extraneous effects propor- 
tional to the speed and reversed with the direc- 
tion of rotation), M * the deflection due to cen- 


and fluxes With one rotor, Heusler Alloy, but by no 
means certainly for this reason, a systematic difference 
did appear between the results of the two groups, hut 
there was no certain difference with the others The 
mean value of p was always taken as correct 'Hie 
best arrangement would doubtless have been such as 
always to make RlS - 1. 

* The effects producing M, eliminated by reversal of 
the direction of rotation, are more complex than was 
supposed in the earlier work 


trifugal and other mechanical effects, and P the 
deflection due to the fact that when the zero is 
read just before the motor starts the flux through 
the secondary circuit has not its mean value for 
all position angles with the rotor at rest. The 
subscript U or D indicates that the rotor mark is 
up or down ( W or E for horizontal drive). All 
deflections are positive when directed to the 
observer’s right. 

Each set is divided into two equal parts, one 
with the rotor mark up, the other with the mark 
down. Each of these parts is divided into two 
subgroups, 1 and 2, for which the initial position 
angles of the rotor are set 180° apart (so that 

Pi * - Pt) 

We thus obtain Table 18 — 1, where RR, LL, 
etc. are the mean values of the deflections con- 
tained in the columns of any subgroup. 

In each half set 2i is the sum of all the mean 
deflections for the subgroup Pi, and 2* the cor- 
responding sum for the subgroup P, 

M and P have always been calculated for each 
half set from the formulas given in Table 18 — 1. 
The quantities R ± T and S have always been 
calculated for the half-groups separately, as 
indicated in Table 18 — 2, as an additional check 
on the work. Also, by substituting (R + T)u 
for Ru in the formula for p, p„, the apparent value 
of p for mark up has been calculated, and simi- 
larly, by substituting ( R — 7% for Rd in the 
formula, the apparent value p/> has been calcu- 
lated. The true value of p is ^ (p u + Pd). The 
quantity (py — po) ** x measures the error in 
p which would have Wen made on account of 
torsion etc. except for the end-for-end reversal of 


TABLE 18—1 

Interpretation of Expressions RR, RL, etc. 


p 


Mark Up (or XV) 


Mark Down (or E ) 


RR - 

R + S + T + M„ + Pu 

RR - 

R + S - T + Md + Pd 


LL - 

-R - S - T + M, + P v 

LL - 

-ft - 8 + T + Md + Pd 

(1) 

RL - 

R-S + T + M. + Pp 

RL = 

ft - S - T + Md + Pd 


LR » 

-ft + ft - T + M. + Pu 

LR = 

~R + S + T + Mv+Pd 


RR - 

R + S + T + M.-Pu 

RR = 

ft + ft — 7’ + Mn — Pd 


LL - 

-R-S-T + M.-Pv 

LL = 

-ft - ft + T + Md - Pd 

(2) 

RL - 

R-S+T + M H -Pv 

RL - 

R-S-T + Mp-Pd 


LR = 

-ft + ft - T + Mu - Pv 

LR - 

-R+S + T + Mp-Pd 


RR - 

LL = 2ft + 2 (R + T) 

RR - 

LL = 2ft + 2 (ft - T) 


LR - 

RL - 2S - 2 (R +"T) 

LR - 

RL -2 ft - 2(ft - T) 


Si + Si - 8My S, - Si - 8 Pv 


Si + Z, - 8AfD Si — Si “ 8 Pd 
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TABLE 18-2 

Example of One Set of Obbebvations (on Cobalt I). Vbbtical Drive. 
A. Observations 
Deflections in cm. 


Mark Up 


p 

RL 

LR 

LL 

RR 

LL 

RR 

RL 

LR 

(1) 

-10 96 

10 96 

10 07 

- 7 53 

7 66 

7 60 

-18 06 

17 97 

17 94 

- 0 27 

0 26 

0 46 

-17 90 

18 04 

17 97 

- 0 27 

0 33 

0 32 

-10 93 

10 78 

10 95 

- 7.60 

7 56 

7 58 

(2) 

-10 02 

10 63 

10 83 

- 7 30 

7 23 

7 13 

-17 83 

17 68 

17 77 

- 0 24 

0 20 

0 04 

-17 68 

17 76 

17 82 

- 0 10 

0 07 

0 14 

-10 58 

10 64 

10 55 

- 7 37 

7 53 

7 35 


(ft + T) 

= 3 00 

8 t - 5 24 

(ft + T), - 

3 60 

S, ■= 5 21 





Mark Down 




P 

RL 

LR 

LL 

RR 

LL 

RR 

RL 

LR 

(1) 

+ 7 34 

7 27 

7 19 

+ 11 02 

10 93 

10 76 

+ 0 50 

0 16 

0 17 

+ 17 66 

17 77 

17 80 

+ 0 24 

0 29 

0 17 

+ 17 74 

17 70 

17 74 

+ 7 37 

7 16 

7 22 

+ 10 97 

10 76 

10 85 

(2) 

+ 7 20 

0 87 

0 90 

+ 10 60 

10 53 

10 63 

0 00 
+ 0 06 

0 03 

+ 17 46 

17 30 

17 47 

+ 0 03 

0 03 

0 00 

+ 17 36 

17 55 

17 47 

+ 7 04 

6 77 

6 85 

+ 10 68 

10 63 

10 48 


(ft - T), 

- 3 47 

St - 5 28 

(ft - T) t - 

3 40 

S t - 5.28 


* - 1 572 volt Z - 1 megohm [« - 1 007] 


B Results from Above Set of Observations 


elm X rjj 
- «/*» X 
<P+0 

«/» X 
- e/m X 
(p - r) 

e/m X r 

pe/m 

Ru 

R„ 

Mv/Ru 

M d /R d 

M/R 

Pv 

Pi> 

1 108 

1 055 

+0 026 

1 082 

+3 60 cm 

+3 46 cm 

-2 52 

+2 57 

-2 54 

— 0 13 cm 

+0 16 cm 


the rotor, or the end-for-end reversal of the 
drive when the axis of rotation was horizontal. 

In Table 18 — 2, B, as in the corresponding 
parts of Table 20 — 1, below, M/R is the mean of 
the values of M/R and MdIRd, the sign of the 
second being reversed. 

19. Procedure in making the principal 
observations. All the observations were made 
on a regular time schedule. At the beginning of a 
particular minute on the clock, the rotor having 
been set at the predetermined position angle (1), 
and the, galvanometer scale having been (slightly) 
shifted aero, the switches were closed to pro- 


duce the deflection RL (See § 18). An automatic 
signalling device caused a neon lamp to glow and 
a telegraph sounder to click at the end of a fixed 
interval (usually about 10* or 8', according to the 
galvanometer circuits in use) after the switches 
were closed. The galvanometer was read at this 
instant, and the switches were then immediately 
opened. 

From the beginning of the next successive 
minutes on the clock the procedure was repeated, 
except that the switches were set for the deflec- 
tion LR, LL, etc., until the eight observations of 
the first line of Table 18-2 were completed. Then 
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the observations were repeated, in the same order, 
as indicated in the second and third lines. 7 The 
galvanometer drift was adjusted, if necessary, at 
the beginning of each line. 

The whole set of 24 observations was then 
repeated, except that the rotor was set to start 
from a position angle (2) differing 180° from the 
previous angle (1). In the case of vertical drive, 
or in the case of horizontal drive with a single 
motor in use, the whole procedure was then 
repeated, but with the rotor reversed in its 
bearings. 

When two motors were in use, drive by west or 
left motor and drive by east or right motor were 
interchanged instead of reversing the rotor. The 
next night, however, the complete process was 
repeated with the rotor reversed; but if the left 
(or right) motor was used first the night before, 
the right (or left) motor was now used first. 

In many cases the time interval between suc- 
cessive observations was 2" instead of l m ; and 
in some cases it was Vf*. In many cases the 
interval between the observation ending one line 
and that beginning the next was twice the interval 
between successive observations 

In nearly all cases the electromotive force of 
the cell furnishing the standardizing current was 
measured for each set of observations In many 
cases the residual magnetic moment of the rotor 
was measured, often both at the beginning and at 
the end of the set. 

20. The principal results obtained in this 
investigation. These are contained in Table 
20 — 1 .* The first column which requires comment 


7 Instead of three lines of observations, four lines 
were obtained in a number of sets— half with the 
galvanometer switch in one direction, half with the 
switch reversed. 

' In addition to the results given in this table, two 
partial sets were obtained with the rotor Nickel IV, 
which was peculiarly susceptible to the effects of 
mechanical strain, and a number of sets with the rotor 
Cobalt II, which had worked quite satisfactorily m 
investigation I, but which showed great discrepancies 
in the present work. These results have been rejected 
pending further investigation of the sources of trouble. 
The mean values of p e/m for both substances would 
have been increased by the inclusion of the results 
mentioned 


is Col. 3. In connection with this column it 
should be said that in general all the different 
groups for a given rotor were not made consecu- 
tively, but were distributed (when there was a 
sufficient number of them) through the work so 
as to check, if possible, systematic errors which 
might be different for different conditions. 

In Col. 4 the numbers in parentheses are the 
numbers of sets made in Part I, when the Inca 
coils were in use. Also, except those at the begin- 
ning and end of Part I, the observations were 
made with the Moll relay in use. These observa- 
tions in Part I are probably inferior to the others. 
Also they give, on the whole, somewhat smaller 
values for p But they have been given equal 
weight with the others in making the calculations. 

Col. 5 gives the mean values of p e/m for all the 
sets, for both horizontal drive and vertical drive, 
in case both were used. Col. 6 gives the mean for 
both methods of drive, equal weights being at- 
tached to the two. Col. 7 gives the mean value 
when the observations in each group are weighted 
proportionally to their numbers There is little 
difference between the two. 

Col. 8 gives the value of t calculated on the 
assumption that the deflection T reverses with 
the reversal of the rotor’s axis, and also with the 
change of drive from motor east to motor west, or 
vice versa, when two motors are used. The 
quantity does not represent an error, but repre- 
sents the error which would be made except for 
the reversals introduced to eliminate it. 

Col. 9 gives the quantity M/R, the mean of the 
values of MJRl and M r/Rr (or My/Ry and 
Md/Rd), the sign of the second being reversed. 

Col. 10 gives the mean value, without regard 
to sign, of the position angle deflection P to the 
gyromagnetic deflection R. 

Col. 11 gives the quantity L = one-balf the 
excess of p e[m determined by observations with 
the left motor alone (for both directions of the 
rotor mark) over the corresponding value for the 
right motor. It does not represent an error, but 
represents the error which would result (in case 
of horizontal drive) if both motors were not used. 

Col. 12 gives the quantity a which, for any 
rotor, turns out to be identical for the different 
coil arrangements used in the two methods of 
drive. 
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21 . Comparison of the results obtained in 

THIS INVESTIGATION WITH THOSE OBTAINED IN THE 
OTHER INVESTIGATIONS IN THE AUTHOR'S LABORA- 
TORIES. The results obtained in this investiga- 
tion (III) are compared with those obtained in I 
and II in Table 21 — 1. For this purpose all the 
soft iron rotors are grouped together in each case, 
likewise the cold-rolled steel rotors, and the 
cobalt and copper-cobalt rotors. 

The most precise values are doubtless those 
obtained in II. The gyromagnetic ratios for 
soft iron and permalloy obtained in it are prob- 
ably current to one-half per cent or less; the 
others to one per cent, or about one per cent. 


tained the first results on cobalt and nickel, and 
showed that the gyromagnetic ratios of these 
materials are nearly the same as that of iron, 
contained a (later detected) systematic error 
which made them certainly too large. 

In the chart the abscissae, except for two sub- 
stances, give the values of the gyromagnetic 
ratios from the author’s investigation II, while 
the ordinates give the other results. In case of 
exact agreement with II any point would lie on 
the oblique straight line. ^The exceptional sub- 
stances referred to are Heusler alloy and the 
oxides of iron, including magnetite. Heusler 
alloy was not studied (precisely) in II, so that 


TABLE 21—1 

Gtromagnetic Ratios or Ferromagnetic Substances Values or p elm from the Three 
Extensive Investigations in the Author’s Laboratories 
(elm - 1 758 e m.u ) 


Material investigated 

Iron 

Steel 

Nickel 

Hiper- 

mk 

Hopk 

A1 

Per- 

malloy 

Cobalt 

Cobalt- 

Iron 

Cobalt- 

Nickel 

Heusler 

Alloy 

Investigation 

Effect 

• 1 049 

1 047 

1 031 



1 016 

1 054 

1 070 

1 067 

1 068 

1 011 

I 

Barnett 

II 

Einstein- 
de Haas 

1 032 

1 038 

1 051 

1 051 

1 023 

1 046 

1 085 

1 025 

1 076 

— 

III 

Barnett 

1 026 

1 039 

1 052 

— 

1 019 

1 043 

1,072 

1 029 

1 077 

0 989 

Mean I A III 

Barnett 

1 038 
±0 010 

1 043 
±0 004 

1 042 
±0 010 

— 

1 018 
±0 002 

1 048 
±0 006 

1 071 
±0 001 

1 048 
±0 019 

1 072 
±0 004 

1 000 
±0 011 

Mean of II and 
Mean I A III 

Both 

1 035 
±0 003 

1 040 
dkO 002 

1 046 
±0 004 


1 017 
±0 001 

1 047! 
±0 001 

1 078 
±0 007 

1 036 
±0 012 

1 074 
±0 002 



For the materials studied in all three investi- 
gations the mean values of p e/m are as follows: 
(I) 1 050, (II) 1.047, (III) 1 045. The mean for 

(I) and (III) agrees exactly with the mean for 

(II) . For the individual materials the means 
between I and III are given in line 6 of the table. 
The means between the values in II and those in 
line 6 are given in line 7. It is probable, however, 
that the values of III are more nearly correct 
than the means between I and III. 

22. Comparison between results obtained 

IN THE AUTHOR’S LABORATORIES AND THOSE 
obtained eibewhere. This comparison is made 
graphically in Fig. 22 — 1. The chart does not 
include the author’s first observations by a 
magnetometer method (1917) on cobalt, nickel 
and iron, which, while useful in that they con- 


the values obtained in I and III are placed as 
ordinates against their mean as abscissa. Mag- 
netite and the other oxides of iron, not investi- 
gated by the author, are given the same abscissa 
as soft iron because the recent and extensive 
work of Ray-Chaudhun on these substances 
shows that their gyromagnetic ratios are identical 
with that of iron within the limits of the experi- 
mental errors. The results of Sucksmith and 
Bates on iron and nickel have been slightly altered 
on account of the adoption in their work of a 
slightly incorrect method of calibration. 

The close agreement between the results of 
III and II is apparent, also the generally good 
agreement between the results of I and II. The 
mean for iron in I is too high because the excep- 
tionally large value obtained for the gyromagnetic 
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Figure 22-1. In this figure the empty circles refer to the present investigation (III), the full circles refer to 
the investigation I (Barnett & Barnett); the crosses followed by letters refer to other work as follows: 


A stands for the work of Arvidsson (1919) 

Ba stands for the earliest work of the author (1914 and 
1916) 

Be stands for the work of E Beck (1919) 

Cl stands for the work of Claassen (1922) 

CB stands for the work of Chattock & Bates (1923) 
CS stands for the work of Coeterier & Scherrer (1933— 
1936) 


EH stands for the work of Einstein & de Haas (1915- 
1916) 

G stands for the work of Galavics (1939) 

H stands for later work of de Haas (1921) 

KG stands for the work of Kikoin & Goobar (1938) 

R stands for the work of Ray-Chaudhuri (1936) 

Su stands for the work of Sucksmith (1926) 

SB stands for the work of Sucksmith & Bates (1923) 
St stands for the work of J. Q. Stewart (1918) 




MEW RESEARCHES ON MAGNETIZATION AND RATIOS OF FERROMAGNETIC SUBSTANCES 


120 


ratio of electrolytic iron was included. The 
value for cobalt-iron in I is likewise high. It 
seems probable that both these chief discrepan- 
cies, and some others which occur, are due 
largely to the not quite complete elimination of 
errors caused by mechanical strain. 

All the most recent values for iron and iron 
oxides, viz. those of Ray-Chaudhuri, Kikoin and 
Goobar, and Galavics, are in closer agreement 
with my value of p e/m = 1.032 for iron than 
could be expected from their authors’ estimated 
errors alone. For the somewhat older value p e/m 
*» 1.00+- of Coeterier and Seherrer no claim of 
precision is made.* This is likewise true for the 
larger and, as I believe, more nearly correct value 
of Galavics 

• In the discussion at Strasbourg, Casimir, who was in 
Zurich while these experiments were being made, stated 
that the authors considered the possible error to be 
about 5 per cent 
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PRESIDENTIAL ADDRESS 


THE FUTURE OF THE ACADEMY 


In reviving the custom of an inaugural address, 
I have no desire to instruct my betters My 
state of mind is beautifully set forth in the open- 
ing sentences of the earliest communication pre- 
sented to this society when, in 1780, Governor 
James Bowdoin, our first president, said- “When 
I consider, that among the members of the 
Academy there are gentlemen of abilities superior 
to my own, especially in the walks of philosophy, 
I feel a consciousness, that its honours might in 
one instance have been better placed. But if a 
defect of abilities could be compensated by a 
good will to serve its interest, and promote the 
end of its institution, I should have the satisfac- 
tion to think myself not wholly unqualified for 
the station, with which your suffrages have 
honoured me.” Indeed, if any incoming presi- 
dent were inclined to be pretentious or puffed up, 
a glance at the names of his predecessors ought to 
deflate an over-extended ego Bowdoin, Holyoke, 
Bowditch, three members of the Adams family, 
James Jackson, Pickering, Bigelow, Asa Gray — 
these names adorn the first century of our cor- 
porate existence, and if he turns to later and 
living predecessors, he cannot be comforted 
There is a tale concerning John Adams, second 
president both of this body and of the United 
States, which is pertinent When Mr. Adams 
went to London as American minister, George 
III, who did not like rebels, said to him acidly- 
“ You succeed Dr Franklin, do you not?” “ No, 
sir” replied the diplomat, “I do not succeed Dr 
Franklin ; I merely follow him.” I do not succeed 
Harlow Shapley, I merely follow him 
I have chosen to speak of the present status 
and possible future of the American Academy of 
Arts and Sciences. I have consulted nobody, 
and must bear the sole responsibility for any 
suggestions I shall make. If these suggestions 
are dismissed as proceeding from the valor of 
ignorance, I shall not complain Many of the 
problems before an institution like this are peren- 
nial, and the only novelty in successive decades 
is the varying emphasis with which they press 


upon us for solution Much that I shall say has 
probably been better said before. But I shall be 
content if my remarks awaken in my fellow 
academicians a sense of our present need for 
taking stock of the Academy, of ourselves, and 
of our individual relations to the corporate aim. 
I have scarcely met with the administrative 
officers of the Academy, so new am I to this 
office, but I believe it to be true that neither the 
President, nor the Council, nor the whole admin- 
istrative body of the organization taken together, 
can work out a destiny worthy of our pretensions, 
unless the lively and continuing interest of a great 
majority of the fellows is awakened. Disagree 
with me if you will and denounce me if you must. 
But if I succeed in arousing debate over the 
general program of this historic institution I 
shall have achieved my purpose. 

In a period when most educational institutions 
and many learned societies are taking stock, we, 
too, can afford to speculate But if we are to 
know what we are and whither we are moving, we 
ought to remember how we came into being and 
what we have been. The problems of a society 
like ours are m large measure the result of 
history It is therefore wise to glance briefly at 
the history of academies. That history falls into 
three grand divisions. In the first of these, 
academics came into being. In the second, they 
developed in certain important directions In 
the third, they lost ground. These three stages 
roughly correspond to the seventeenth, eight- 
eenth, and nineteenth centuries. 

Following the release of intellectual and 
cultural forces in the Renaissance, forces which 
eventuated as humanism or the New learning, 
and the new science or Natural Philosophy, it is 
commonplace that in seventeenth-century Eu- 
rope, leaders of what was then a radical reinter- 
pretation of man and nature felt the need of 
mutual support and criticism, and that out of 
this need such institutions as the French Academy 
and the Royal Society were born. From their 
great example we descend. It is again a common- 
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place that one of the principal issues leading to 
the creation of these bodies was the necessity of 
finding or creating a language common to the 
new dispensation, more accurate than literary 
language, and better shaped for the purpose 
than was the technical vocabulary of scholasti- 
cism. Much of the theorizing which preceded or 
accompanied the creation of academies concerned 
this problem of word and meaning, much of the 
writing of Bacon, Descartes, and others con- 
cerned the problem of communication. They 
sought an instrument of language which should 
be at once rational, perspicuous, uncolored by 
personal emotion, and unperplexed by rhetorical 
adornment. Their assumption was that all parts 
of knowledge were equally accessible to any 
educated person, and that the reporting of experi- 
ment and discovery in simple, rational and 
perspicuous words would render the results in- 
telligible to all who participated in the style. 
In sum, the kingdom of knowledge was indivisible, 
its language universal. Membership in the 
Royal Academy was therefore equally open to 
poet and scientist, who shared without embar- 
rassment in its discussions. 

In the eighteenth century another great addi- 
tion was made. Specialization in certain fields — 
for example, chemistry and physics — had in- 
creased, and some differentiation of function was 
necessary. But knowledge was yet sufficiently 
uncomplicated for a universal genius like Franklin 
to follow where Bacon, Descartes, Leibnitz and 
Newton had led, and to contribute to a dozen 
fields, scientific papers that are models of exacti- 
tude in language that is simple and plain. As 
there seemed to be no reason why this situation 
should not continue, Franklin founded the first 
American learned society, with a particular ideal 
in mind Not research for its own sake, but 
research for social ends was the formal purpose 
of the American Philosophical Society held at 
Philadelphia for Promoting Useful Knowledge. 
The test of utility was social applicability. In 
striking contrast to the Renaissance doctrine that 
knowledge was a secret to be shared by the 
uninitiated only, the public diffusion of knowledge 
had now become a virtue. 

This spirit presided over the creation of the 
American Academy of Arts and Sciences. If we 
turn to the preface to the first volume of our 


Memoirs, published in 1785, we read: "Societies 
for promoting useful knowledge may be highly 
advantageous to the communities in which they 
are instituted. Men united together, and fre- 
quently meeting for the purpose of advancing the 
sciences, the arts, agriculture, manufactures and 
commerce, may oftentimes suggest such hints to 
one another, as may be improved to important 
ends, and such societies, by being the repositories 
of the observations and discoveries of the learned 
and ingenious, may, from time to time, furnish 
the world with useful publications, which might 
otherwise be lost . . . Societies instituted 
for promoting knowledge, may also be of eminent 
service, by exciting a spirit of emulation, and 
enkindling those sparks of genius, which other- 
wise might forever have been concealed; and if, 
when possessed of funds sufficient for the purpose, 
they reward the exertions of the industrious and 
enterprising, with pecuniary premiums or hon- 
orary medals, many important experiments and 
useful discoveries will be made, from which, the 
public may reap the highest advantages.” 

This paragraph suggests that, the notion of 
social usefulness being granted, two important 
corollaries were drawn by the founding fathers. 
One was that the learned are under some obliga- 
tion to hunt out and develop potential talent, 
and hence it is that academies established com- 
petitive prizes such as that, the winning of which 
first drew public attention to Rousseau. The 
second was that the proceedings of academies 
should be a public matter. In the seventeenth 
century learned men often communicated with 
each other by letter. Afterwards, the transac- 
tions of academies were published. The eight- 
eenth century tended to transform these publica- 
tions into periodicals which were important 
vehicles for the diffusion of knowledge to the 
enlightenment. Such periodicals served the 
eighteenth century for a variety of functions we 
have since differentiated, and were, in our terms, 
reports upon research and discovery, university 
monographs, extension lectures, correspondence 
courses, and technical trade journals. Because 
the fields of learning were still relatively close 
together, even when a mildly specialized maga- 
zine like The American Journal of Science was 
founded, under the shadow of academy practice 
it took all natural philosophy for its province. 
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And because universities were not yet what they 
have become, because industry was still simple, 
because research foundations were undreamed of, 
the academy remained a dynamic center for the 
intellectual world. 

If the eighteenth century saw academies at 
their highest pitch of usefulness, the nineteenth 
saw their relative decline. The reasons are well 
known. The most obvious was the increasing 
differentiation of knowledge, the opening of vast 
new fields of research, the invention of new 
specialisms, and the development of unique 
technological vocabularies. The second was that 
government took over many of the functions 
originally developed by academies. The third 
was the development of the modern research uni- 
versity. The fourth was the creation of the 
independent research center, industrial labora- 
tory, teaching museum, institute of advanced 
studies, or other endowed project for the advanced 
specialist. The fifth was the establishment of 
gigantic foundations like the Guggenheim Foun- 
dation, to search out and support younger re- 
search workers or to reward them with prizes and 
fellowships on a scale beyond the resources of 
academies. 

As a consequence, the academy lost ground. 
Because specialization of knowledge was accom- 
panied by specialization of vocabulary, one of the 
first results was to drive the scientist and the 
humanist apart, so that in the case of our own 
organization (as an example) humanists tend to 
stay away from a scientific communication on the 
ground that they connot understand it. A minor, 
but unfortunate, result, has been that scholars in 
the arts have set enthusiastically to work to be- 
come as linguistically complicated as the scien- 
tists, thus insuring that the scientists could not 
understand them. Eventually, of course, scien- 
tists were driven apart from each other. 

A second, and more fundamental, change oc- 
curred when (the old, undifferentiated academy 
meeting proving unsatisfactory to the new 
specialisms), the century developed the greatest 
number of professional associations the world has 
ever known. These in turn increased by fissure 
into still more specialized organizations, so that, 
to take a simple case, we have not merely the 
American Historical Association, but within that 
society at associated with it, groups like the 


Catholic Historical Society, the Mississippi Valley 
Historical Society, a group in agricultural history, 
a group in local history, a group in military 
history, and so forth. And precisely as the un- 
differentiated academy meeting proved unsatis- 
factory, so undifferentiated publications proved 
also unsatisfactory, and academy publications 
must now therefore complete with technical and 
professional journals so infinite in number as to 
reduce librarians to despair. 

The rise of the modern research university has 
further narrowed our field. It has not merely 
created, in laboratory and library', centers of 
personal contact among research workers far 
more useful than an academy building can hope 
to be, but it has also given us attractive training 
centers for young men. Graduate fellowships are 
a more satisfactory method of encouraging young 
talent than random academy prizes can liecome. 
Moreover, the publication of dissertations, mono- 
graphs, and books of greater magnitude, at uni- 
versity expense removes from academy lists titles 
that might otherwise be there, and throws acad- 
emy publication into competition of the severest 
sort. Finally, but in the long run most impor- 
tantly, the universities have developed techniques 
of begging gifts from the wealthy that leave the 
simple-minded academician gasping in the rear. 

The competition of government bureaus is 
equally interesting. The early years of the Ameri- 
can Philosophical Society and of this academy 
saw its members writing papers about the 
weather, tides, weights and measures, geology, 
mastodons and other topics that, one by one, be- 
came the professional province of the Weather 
Bureau, the Coast and Geodetic Survey, the 
Bureau of Standards, the Smithsonian Institute 
and other parts of the national government. 
These agencies can accomplish cooperatively 
what, with all their genius, individuals like 
Franklin and Jefferson could not achieve. Gov- 
ernment bureaus are subsidized by public money, 
the academy is not; and by definition they take 
over from the academy a role of public service and 
public education that was one of the original aims 
of our institution. To be sure, distinguished 
members of the government services become mem- 
bers of the academies, but this is not the same 
thing as assuming that the primary aim of an 
academy is the public service. Finally, of course, 
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government publication competes with academy 
publication. 

Modern industrial research has further com- 
plicated our survival problem. Not to speak of 
the vast equipment ready for the research worker 
in industrial laboratories, and of the money which 
can be placet! at the disposal of such a laboratory, 
once it has struck a promising lead, the ambiva- 
lent attitude of large corporations towards the 
results of research they have subsidized must be 
reckoned with. Some corporations are conspicu- 
ous for their sense of civic responsibility; others, 
it is notorious, buy up brains and hoard discov- 
eries. This latter practice exactly contradicts the 
generous eighteenth-century belief that the diffu- 
sion of rational knowledge is the highest ethical 
obligation upon the expert; and where the practice 
of monopolizing research exists, it marks the fail- 
ure of academies to convert the nation to a right 
philosophy. More important, however, is the 
fact that if industry finds it profitable to subsidize 
its own laboratories, it is not going to donate 
money to academies except upon terms that are 
agreeable to industry, and such donations, when 
they come, are more likely to be for specific 
projects than for the general public weal. 

It would be tedious to rehearse the tale of other 
agencies which have innocently weakened the 
influencies of academies. Textbook publishers 
are a single instance. Nor should it be assumed 
that academies are obsolescent. In an age of big 
money, when an ancient institution like the 
American Philosophical Society is given a large 
bequest, it wonderfully renews its youth. But if 
one looks at the general history of academies 
hopefully founded during the last two centuries, 
two observations will occur. The first is that 
many of these, especially those limited to a state 
or region, have lieen absorbed by some nearby 
university as an extramural outlet for research 
papers, or have become social bodies. The second 
is a tendency to make election something between 
an honorary degree and retirement, a recognition 
of things accomplished rather than a spur to 
greater things. This danger was recognized by 
our academy in 1921 when a special committee 
wisely reported: “. . . it is the duty of the 
Acade my, and its privilege, to encourage work in 
the Arts and Sciences and to be, through its 
meetings, a center for getting together once a 


month a large number of persons interested in 
learning here in Boston. Reasonably prompt 
election of young men in this vicinity will aid in 
the accomplishment of both these purposes. We 
believe, however, that no one should be elected to 
the Academy who has not in his own name and by 
his own determination, already given good evi- 
dence, through his publications, of accomplish- 
ment, and further evidence of the promise of 
accomplishment in the future.” Because war 
conditions have taken many younger men away 
from us, it is perhaps well to recur to the sound 
advice of the committee and to remember that 
the reasonably prompt election of young men in 
this vicinity is one of the most important guaran- 
tees that we shall not become senescent. 

No one can say, I think, that in 1900 academies 
were as important in the total intellectual life of 
u nation as they had been in 1800 or in 1700. 
All the forces leading to the fractation of knowl- 
edge have been more vigorously operative in the 
last forty years than ever before. Nevertheless, 
two developments in the twentieth century have 
indicated an opposite trend. In some sense 
specialism has defeated itself. That is to say, 
what once looked like a separate compartment 
of knowledge, unique and apart from everything 
else, the more it is explored, the more its boundary 
lines seem to waver and vanish. The relation of 
fields is not that of pigeon-holes, but of living, 
interdependent cells. The historian depends 
upon the anthropologist, the anthropologist upon 
the sociologist, the sociologist upon the psycholo- 
gist, the psychologist upon the biologist, the 
biologist upon the chemist, the chemist upon the 
physicist, the physicist upon the mathematician, 
and so on in an endless circle. It is ban! to know 
whether a given problem lies in chemical physics 
or physical chemistry. I am supposed to be a 
literary critic, but I seem to spend most of my 
time with the historians. In certain advanced 
areas it is difficult to know whether one is con- 
fronting mathematics or theology. The area and 
language programs of the Army have fused into 
a common purpose s dozen so-called “ disciplines.” 
These random examples show how the very 
multiplication of specialities has forced the 
specialists to come together, to exchange ideas, 
to study each other's techniques, even — what is 
anathema to the old-fashioned, hard-boiled , 
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realistic investigator — to discuss the philosophy 
of what they are doing. 

And a second pressure towards unity has come 
from the outside. Students of Western culture 
have freely said that if we do not recover a com- 
mon set of ideas, a common tradition, and a 
common language, we are lost The wheel has 
come full circle, but on another plane; and just 
as men sought m the seventeenth century a 
means of communicating with each other that 
would permit the easy flow of generalized ideas, 
so we, too, perhaps face the same necessity 
Certain it is that in any meeting convoked to 
discuss the state of culture or of education, it is 
common to lament that knowledge is specialized, 
to compare its fractation unfavorably with the 
medieval synthesis or with classical unity, and 
to demand that we retrace our steps or learn 
some new mode of common speech. 

Much of this appeal, to be sure, is specious 
Much of its springs from a nostalgia after a 
perfect past that never was. Neither classical 
culture nor the medieval world embraced a 
fraction of the human beings alive under either 
dispensation, and the middle ages were not so 
synthesized nor classical minds so harmonious as 
this argument seems to imply. Nevertheless, it 
is an argument of weight, and the question is 
only, what knowledge is to be intercommunicated, 
and where can this intercommunication best take 
place? I ^et me glance at these problems in 
reverse order. 

Government and industry aside, there are, it 
seems to me, three sorts of institutions in which 
specialists might talk to each other, and to some 
extent do so perform- universities; specially 
called congresses; and academies. The universi- 
ties seem at first sight favorable places None 
but has its committee on curricular reform. 
This reform takes the direction of something 
called “broad” courses, intended to synthesize 
knowledge for the young, and presumably indi- 
cates that their elders feel the need for synthesis. 
But the confusion of that which is broadening 
with that which is broad, has never been cleared 
up by the reformers, and it is amusing to note 
that this movement mostly creates a new type of 
educational specialist, the synthesizer On the 
whole, moreover, this movement does not affect 
the mature work of the university, which is that 


of graduate training and of research. The crea- 
tion of specialists is the professional purpose of 
universities, and should not be altered. There- 
fore, laudable though the aim of the reform may 
be, it seems unlikely that university faculties, 
to whom research is the principal reward of their 
intellectual being, will cease to be specialists. 
But as specialists will they seek to communicate 
with each other? Yes and no, but I think "No" 
rather more than “Yes." What stands in the 
way of organic change is the economic structure 
of the American university. The basic unit of 
faculty organization is the department; and 
however we may pretend that a department is 
only a committee of the faculty, the truth is, of 
course, that departments are in grim financial 
competition with each other, engaging in a kind 
of beUum omnium, in omnes for salaries, research 
funds, promotions, appointments, and endow- 
ment. In a universe of experts the unspecialized 
goes to the wall The specialist cannot desert the 
professional flag, and must, ex hypothesi, stick 
pretty well to his department. 

The next possibility is the special congress, of 
the type of the Conference on Science, Philosophy 
and Religion annually convoked at Columbia 
University. That these yearly meetings accom- 
plish something in cross-fertilization and cross- 
simplification is probably true, but in the nature 
of the case their influence is intermittent and 
appeals only to the people to whom it appeals. 
Moreover, these congresses sometimes produce 
effects the opposite of what they intend. Their 
search for a common language leads to the crea- 
tion of elaborate verbal structures that, in seeking 
accuracy, achieve a new complexity, and this 
search for absolute definitions throws emphasis 
upon techniques and procedures rather than upon 
ideational content Their second weakness is an 
inevitable tendency towards evangelicism, which 
is socially laudable but not the same thing as 
using a language common to all disciplines. Let 
us not forget that one of the aftermaths of the 
International Congress of Religions at the 
World’s Columbian Exposition was an increase 
in the number of sects. 

An academy, however, is free from the inter- 
necine warfare of the departments and is a more 
stable body than the annual congress. There 
being no problems of promotion or salary increase 
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to disturb our republican simplicity, we ought to 
t>e an institution in which specialists can relax; 
and as we are committed to serve, but not to 
remake, the body politic, our processes can be 
ideological rather than passionate. Nevertheless, 
our usefulness is also severely limited, and unless 
we are prepared courageously to face these limi- 
tations, we may yet join other venerable Boston 
organizations of historical importance only. If 
this be treason, make the most of it. 

In shaping this academy our predecessors rec- 
ognized even in simpler times the differentiation 
of knowledge, by establishing the several classes 
and divisions of our membership. Yet, except as 
a device for maintaining balance in electing new 
fellows and except for fulfilling certain constitu- 
tional provisions, the academy seems not to recog- 
nize the problem set by its own organization. 
Our aims are contradictory. On the one hand, our 
monthly “communications,” operating on eight- 
eenth-century postulates, are supposed to be 
couched in such language that all sensible men 
can understand them On the other hand, we 
exist for the advance of knowledge in the several 
fields represented by our sub-sections, the herit- 
age of the nineteenth century. If a fellow presents 
the results of research in his specialty, it is pos- 
sible that only members of his own class and sub- 
sections will fully comprehend him; yet if his 
research is to receive competent criticism by the 
academy, he ought not abate one whit of its 
intricacies, albeit in proportion as he is accurate 
and detailed, his audience will necessarily dimin- 
ish. On the other hand, if memljers address the 
general meeting, as they do, they cannot hope to 
present specialized problems without simplifica- 
tion, thereby running the double risk of wearying 
the competent and of talking down to the unini- 
tiated. Good sense, to be sure, gets many a 
speaker around this difficulty, and the very 
challenge of the occasion sometimes compels a 
useful clarification. Nevertheless, here is a diffi- 
culty which severely limits the program commit- 
tees in its choice of speakers and of topics. It is 
also a difficulty which leads to eccentric results in 
the size and character of academy audiences. 

But what most troubles me is not these prag- 
matic considerations, but the begging of the 
question of the relation of the academy to re- 
search. I do nofc believe we exist for the amiable 


exchange of lectures. I thing our primary duty is 
still that of our charter, which is "to promote and 
encourage . , . knowledge . . . and ... to cul- 
tivate every art and science, which may tend to 
advance the interest, honor, dignity and happi- 
ness of a free, independent, and virtuous people.” 
As I understand this language, it says that the 
cultivation of our several departments of work is 
the primary duty of the Academy, which, by 
bringing mature men and women together in their 
several fields, seeks to encourage their investiga- 
tions. So far as we are under any obligation to 
inform the general public about what is going on 
in our separate specialties, — and that it is a duty 
I grant — that duty nevertheless seems to me 
secondary to our principal purpose — our direc- 
tive, in modern lingo. But I am frank to say our 
meetings do not always carry out that principal 
purpose I am by no means clear that our present 
type of monthly meetings is the sole type of 
program we can usefully support; and if we have 
to choose, I think we ought rather to imitate the 
work of the Institute of Advanced Studies at 
Princeton than the work of the Lowell lectures, 
excellent for their purpose though these latter 
may be. In short, I suggest the time has come to 
re-study the whole question of the nature, num- 
ber, and function of our monthly “communica- 
tions.” 

But if the encouragement of research is the 
primary business of the academy, what, it will be 
asked, becomes of the hunt for a common lan- 
guage? If I raise the question whether the pres- 
ent pattern of our meetings efficiently carries out 
the original aim and primary purpose of this 
society, I must not be understood as saying that 
all our gatherings should be devoted to matters 
so technical that only a few can comprehend them. 
I am far from implying that our general meetings 
should disappear. But they should not be our 
only type of meetings. I do most firmly believe 
that the spirit of research at advanced levels 
rather than the spirit of reporting even at high 
levels is essential to the healthy life of an acade- 
my. I do not see how we can hold the real atten- 
tion of younger members unless we somehow 
vigorously implement the statement of the 1921 
committee that this academy must be a center of 
learning in Boston. If we attempt to reduce 
complex problems of investigation to postulates 



PRESIDENTIAL ADDRESS — THE FUTURE OF THE ACADEMY 


137 


so simple that all the members of the Academy 
will immediately understand them, I do not be- 
lieve young specialists are going to keep up an 
eager interest in our meetings. I therefore suggest 
that to study the problem of differentiating our 
meetings, to compare our success with that of the 
American Philosophical Society, which, as most 
of you know, follows a different plan, to review 
the purpose and function of these meetings, and, 
indeed of the Academy os a whole, seems to me 
primary business of our immediate future. 

But I may seem to depart from the notion that 
academies exist in order that learned men may 
talk a common language. As I earlier indicated, 
this call to retreat up the stream of time to simpler 
eras seems to me specious I do not believe such 
a retreat is practicable. I think the problem is 
wrongly phrased. I should myself put it this 
way: that our problem is not whether a common 
language can be artificially reinstituted among 
learned men, but whether this Academy is not 
charged with the duty of creating a common 
climate of opinion. My observation is that the 
research spirit does not depend upon vocabulary 
but upon an exciting philosophy of values. In 
my wanderings over the republic it has seemed 
to me that those institutions were stimulating, 
not where the chemists were concerned lest the 
literary critics could not understand them, but 
where the chemists and the literary critics were 
alike committed to an exciting intellectual ex- 
istence I think institutions of learning grow or 
decline, are active or dormant, in proportion as 
they dare to foster great projects, dream of great 
issues, and dare to embark upon great and im- 
portant programs. Will the American Academy 
of Arts and Sciences rise to the height of the great 
argument which brought it into being, or will it 
be content to become simply another Boston 
institution? 

To be sure, we at present offer prizes and sub- 
sidize research projects in proportion to our 
modest means. That is all to the good. If we do 
not do better, our excuse is: lack of funds. I do 
not question the utility of our present practice, 
but it is utility on a lower level. I shall be bold 
enough to say bluntly that this academy does not 
now foster enterprises of that magnitude and dar- 
ing the founding fathers had in mind when they 
wrote in 1785: “It is the part of a patriotic 


philosopher to pursue every hint — to cultivate 
every enquiry, which may eventually tend to the 
security and welfare of his fellow citizens, the 
extension of their commerce, and the improve- 
ment of those arts, which adorn and embellish 
life.” In an age committed to cooperative enter- 
prise, we who are, or ought to be, the pattern of 
cooperative enterprise in New England intellec- 
tual life must realize our opportunity. We must 
think largely and generously, not in terms of ad 
hoc projects and parochially. What enterprises 
can we foster? What is our potential contribution 
as a corporate body to the life of Boston, of Massa- 
chusetts, of New England, of the nation? Dare 
I say that in any realistic census of the intellec- 
tual forces at work in the dominion of New 
England this academy would not now possess 
that commanding and central place it ought to 
have? But we should not be simply another 
Boston society, we should be par excellence the 
commanding intellectual institution in all the 
New England states In place of searching the 
rolls of colleges and of industry for new members, 
we should have colleges and industry searching 
our membership for talent. In place of requesting 
Dr X or Professor Y to tell us what is going on in 
the Massachusetts Institute of Technology or at 
Washington or in the Museum of Fine Arts, we 
should have M. I. T. and Washington and the 
Museum anxiously and hopefully inquiring: what 
is forward at the American Academy of Arts and 
Sciences? We have, or had, or should have, a 
central position in New England culture; is it 
conceivable that this academy may again become 
a dynamic center from which lines of intellectual 
energy shall radiate to all parts of these states 
and even to the nation at large? I do not believe 
it is the excitement of the moment that leads me 
to say that the future before the American 
Academy is immense, provided the Academy will 
bestir itself. But it cannot remain passive. It 
must renew its life. It must announce programs 
of imaginative daring. It must not indulge that 
spirit of historical defeatism which a newspaper 
man has just told me is characteristic of Boston. 

It will be said that money and time are lacking, 
that existing institutions, already heavily en- 
dowed, absorb potential funds and monopolize 
public attention. This is a weak argument 
Money never comes to the timid, just as it never 
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comes to the planless. But if a millionaire came 
to this building tomorrow to inquire what the 
Academy had in mind, what could we say to him 
as a corporate body? No one is going to give to 
the Academy on the ground that it is vaguely a 
good thing to support. Only a dynamic program 
will attract attention to us. And though I would 
by no means confine the activities of our fellows 
to any restricted sphere, I am going to crown these 
audacities by suggesting one form of activity in 
which the Academy could make itself felt at once. 

Boston, Massachusetts, and New England face 
difficult years, and so far as I can discover, no 
single body is at work to study the problems im- 
mediately ahead To bo specific • we do not know 
what to do with or for the Port of Boston. We 
do not know how to relieve the racial and religious 
tensions among us We do not know what to do 
with the apparently moribund agrarian economy 
of New England. We do not know whether our 
industries can continue as they have been We 
do not know precisely what our natural resources 
as a region arc If this meeting were held in 
Chapel Hill, North Carolina, it would be unneces- 
sary for me to say that a survey and a study of 
the problems of the region at our doors is a pri- 
mary obligation upon a learned body of disinter- 
ested men living in that region. As it is, I suggest 
that if, after mature consideration of these possi- 
bilities, the American Academy of Arts and Sci- 
ences were to announce in the public prints that 
it proposed to embark upon a generous and long- 
range study of these, and allied, problems, making 
public the findings of expert members of its body 
and having no further ax to grind than that of 
fulfilling the injunction of its founders to bring 
such information to bear upon our social life as 
may eventually tend to the security and welfare 
of our fellow citizens — I say, if the Academy, after 
mature deliberation, should announce this as one 
of its present aims (but by no means the only 
one) I am convinced the tonic effect upon the 
Fellows and upon the region in which we live 
would be immense. I venture to prophesy that 
money and means could be found. I venture to 
suggest, in fact, that we may even be under some 
obligation not to stand passive when the eco- 
nomic, the social, and the intellectual life of the 
commonwealth needs study and support. 

Such a project might revolutionize some of our 


activities, but I do not say that it should revolu- 
tionize all of them. I do not argue that our 
astronomical Fellows should calculate the orbit of 
the next comet only with reference to Newbury 
Street. But I feel profoundly that the American 
Academy of Arts and Sciences is one of the great 
enterprises descending from the eighteenth cen- 
tury, and I am deeply concerned that it should 
fulfill the measure of its greatness I think it 
should have a place in the life of this common- 
wealth comparable to that of the Boston Sym- 
phony Orchestra, the Massachusetts General 
Hospital, or the great colleges, institutes and 
universities round about, which it would be in- 
vidious to particularize. I am concerned lest we 
shall be without vision. I am uneasy lest we 
break into disparate entities and fail of common 
purpose I should like to see us launch greatly 
upon great enterprises. Unfortunately neither a 
scientist nor a social scientist, I cannot sketch a 
specific program of action, but I most earnestly 
hope these suggestions will be taken up by 
Fellows competent, as I am not, to translate them 
into action. 

I believe we should create a specially appointed 
commission of Fellows of the Academy to review 
and re-examine the whole structure of this ancient 
institution. Without prejudice to the admirable 
work of the Council, the Secretaries, and the 
standing committees, I think this commission 
should be a special and independent body, having 
(within the limits of our treasury) funds at its 
disposal to implement its study, by travel, by 
calling upon witnesses, and by such other means 
as seems necessary. I think it should in good 
time bring in a printed report of such depth and 
magnitude as will bring immediately home to 
each of us the problem of the Academy and its 
future in a world that may seem to have outgrown 
these primitive institutions. I suggest this body 
might take as its principal inquiries these: 

1 The nature of the organization of the Acade- 
my and of its meetings, in relation to the further- 
ance of research and of intellectual cooperation in 
New England. 

2. The responsibility of the Academy for the 
intellectual life of New England, and the possi- 
bility of making this body and the building in 
increasing degree a focal point for joint enter- 
prises, cooperative projects, and the like. 
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3. The question of the Academy building — 
cannot it be repaired and modernized so that it 
will better further the purposes of the Academy? 

4. A campaign for increasing the endowment of 
the Academy, having in mind specific programs 
upon which the Academy may fruitfully embark. 

This is, I know, ambitious. It may seem to 
many of you vague. Perhaps I am raising these 
questions in the wrong place or in the wrong way 
or at the wrong time. But I have a feeling that 
what we determine to do in the next two or three 


years will powerfully influence our whole future 
existence; I have a feeling that, rich as is New 
England in institutions of learning, they will 
welcome some positive program to link together 
the interests of the learned and the problems of 
society in the years immediately to come, and I 
earnestly desire that the American Academy of 
Arts and Sciences, the second oldest learned 
society in the United States, should assume the 
captaincy and take the lead because, it seems to 
me, history and tradition say that it should do so. 
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Om Thousand Two Hundred and Eightieth Meeting 

October 14, 1942 — Stated Meeting 

The Academy met at its House at 8.25 P M. 

The President in the Chair 

This meeting has been designated as Indies’ 
Night, and there were present 250 Fellows and 
guests. 

The records of the meeting of May 13 were 
read and approved. 

The following communications were presented 

George Sarton: “Leonardo, Man of Science.” 

Otto Benesch: “Leonardo da Vinci and the 
Beginning of Scientific Drawing ” 

Dr. Benesch also arranged an exhibit of repro- 
ductions of some of Leonardo’s scientific draw- 
ings, consisting of facsimiles loaned by the Fogg 
Art Museum and of illustrated books loaned by 
the Harvard University Library. 

The meeting was dissolved at ten o'clock. 

Ono Thousand Two Hundred and Eighty-first Meeting 

November 18, 1942.— Stated Meeting 

The Academy met at its House at 8 27 P M. 

The President in the Chair. 

There were present thirty-three Fellows and 
eighteen guests. 

In the absence of the Recording Secretary, the 
Corresponding Secretary acted as Recording 
Secretary pro tern. 

The records of the meeting of October 14 were 
read and approved. 

The Corresponding Secretary reported the 
receipt of letters accepting Fellowship from 
Francis Birch, John Nash Douglas Bush, William 
Irving Clark, Samuel Comette Collins, Donald 
Kirk David, Howard Sylvester Ellis, Russell 
Gibson, Roger Sherman Greene, Otto Kinkeldey, 
Wassily W. Leontief, Samuel Albert Levine, 
Richard Peter McKeon, Daniel L. Marsh, 
William Ralph Maxon, Hermann Joseph Muller, 
William Andrew Paton, Paul Anthony Samuelson, 
and Otto Struve; also a letter accepting Foreign 
Honorary Membership from Lorenzo Raimundo 
Parodi. 


He also reported the receipt of letters resigning 
Fellowship from Edward H. Chamberlin, Henry 
T Lummus and Edgar H. Sturtevant. 

A vote was then taken on a proposed amend- 
ment to the Statutes, Chapter II, Article 2, 
which had been recommended to the Academy by 
the Council at the annual meeting last May, as 
follows 

“Fellows of the Academy on retiring from their 
academic or other regular duties may, if they so 
desire and with the approval of the Council, be 
transferred to the status of Fellows Emeriti. 
Fellows Emeriti shall be exempt from the pay- 
ment of dues and may not hold office in the 
Academy, but shall have all the other privileges 
of Fellowship. In the published lists of the mem- 
bership of the Academy, Fellows Emeriti shall be 
separately classified and shall be outside the 
statutory limit set on the number of Fellows.” 

This amendment was adopted by a vote of 
twenty-eight in favor and one against. 

The following communication was presented. 

Charles W. Eliot, 2nd. “City Planning.” 

Tlie meeting was dissolved at 9 46 P M. 

One Thousand Two Hundred end Eighty-second Meeting 

December 9, 1942 — Stated Meeting 

The Academy met at its House at 8 30 P. M. 

The President in the Chair. 

There were present forty-one Fellows and 
twenty-one guests 

The records of the meeting of November 18 
were read and approved 

The Corresponding Secretary reported the 
receipt of a letter from Gordon W. Allport, 
resigning Fellowship 

The following communication was presented: 

Ross A. McFarland “Human Problems in 
Aviation,” illustrated with slides- and moving 
pictures. 

An exhibit in the Reading Room showed recent 
astronomical discoveries, a first magnitude nova, 
a new comet, evidence for a planet in another 
stellar system. 
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One paper was read by title 1 "The Advent of 
the Microscope in America, with Notes on its 
Earlier History,” by Frederic T Lewis. 

The meeting was dissolved at 10 10 P. M 

One Thousand Two Hundred and Eighty-third Meeting 

January 13, 1943 — Stated Meeting 

The Academy inet at its House at 8 25 P M 

The President in the Chair 

There were present thirty-nine Fellows and 
sixty-one guests, many of them headmasters of 
public and private schools, who had been specially 
invited to this meeting 

The records of the meeting of December 9 
were read and approved 

The Corresponding Secretary reported the 
receipt of a letter from Henry J Cadbury accept- 
ing his election to Fellowship 

He also announced that the Council had ap- 
pointed Melvin T Copeland and Edmund M. 
Morgan to fill the vacancies in the Council 
created by the resignations of Edward H. Cham- 
berlin and Edward S. Thurston, for the rest of 
the academic year, 

The following communication was presented 

Henry M. Wriston "The Problem of the 
Liberal Arts College ” 

In the Reading Room there was exhibited a 
selection of notable specimens of mathematical 
texts, printed in each century from 1500 to the 
present. 

The meeting was dissolved at ten o’clock 

One thousand Two Hundred and Eighty-fourth Meeting 

February 10, 1943— Siaied Meeting 

The Academy met at its House at 8 29 P M. 

The President in the Chair 

There were present thirty Fellows and fourteen 
guests 

In the absence of the Recording Secretary, the 
Corresponding Secretary acted as Recording 
Secretary pro tern. 

The records of the meeting of January 13 were 
read and approved 

It was announced that a special meeting was 
to be held on April 6 in honor of Governor 
Bautista and Ambassador Najera of Mexico. 

The following communication was presented: 


Paul C. Mangelsdorf 1 "Economic Plants as 
Weapons of War.” 

An exhibit of photographs, drawings and 
materials collected on the site of the Boylston 
Street Fishwcir, was described by Dr Frederick 
Johnson 

The meeting was dissolved at 10.02 P M. 

One Thousand Two Hundred and Eighty-fifth Meeting 

March 10, 1943 — Stated Meeting 

The Academy met ut its House at 8 34 P M. 

The President in the Chair. 

There were present forty-eight Fellows and 
twenty-six guests 

In the absence of the Recording Secretary, the 
Corresponding Secretary was asked to assume his 
duties 

The records of the meeting of February 10 
were read and approved 

It was announced that the President had ap- 
pointed the Nominating Committee, as follows. 
Ernest H Huntress, of Class I 
Ivan M Johnston, of Class II, Chairman 
Dumas Malone, of Class III 
S Foster Damon, of Class IV 

On the recommendation of the Council the 
following appropriations were voted for the year 
1943-44 

From the income of the General Fund, $6,825, 
to be used as follows 1 


for House excuses $2,200 

for General and Meeting expenses 900 

for Library expenses (salaries, books, periodi- 
cals and binding) 2,625 

for Treasurer’s expenses 1,100 



From the income of the Publication Funds, 
$2,000, to be used for publications. 

From the income of the Rumford Fund, $3,000, 
to be used at the discretion of the Committee. 

From the income of the C M. Warren Fund, 
$750, to be used at the discretion of the Commit- 
tee. 

The President announced that there would be 
a special meeting on April 6, in honor of Governor 
Gonzalo Bautista, of the State of Puebla, Mexico, 
and Ambassador Najera, and that this would 
take the place of the regular April meeting. 
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The following communication was presented: 

Manley O. Hudson: “International Organiza- 
tion after the War ” 

The meeting was dissolved at 10.04 P M. 

On* Thousand Two Hundred and Eighty-sixth Meeting 

April 6, 1943 — Special Meeting 

A special meeting was held at the House of the 
Academy at 8 30 P. M at which the guests of 
honor were Dr. Gonzalo Bautista, Governor of 
the State of Puebla, Mexico, and His Excellency, 
the Mexican Ambassador Nearly three hundred 
persons were present, including members of the 
Pan-American Society of Massachusetts, and 
members of the families of Fellows 

The program was as follows 

Presentation of the greetings of the Academy 
to its guests President Shapley 

Response by Governor Bautista. 

Address “Mcxican-American Cultural Rela- 
tions ” Ambassador Najera 

Address “Earthquakes, Volcanoes and Moun- 
tain Systems of Mexico ” Professor Kirtley F 
Mather 

Reception m honor of the Governor and the 
Ambassador 

There was a special exhibit of reproductions of 
pre-Columbian Mexican manuscripts, and an- 
other of seismograms. 

This meeting took the place of the stated April 
meeting of the Academy, which would have been 
held on April 14 

One Thousand Two Hundred and Eighty-seventh Meeting 

May 12, 1943 — Annual Meeting 

The Academy met at its House at 8 22 P M. 

Vice-President Robinson in the Chair. 

There were present forty-four Fellows and 
twenty guests. 

The records of the meetings of March 10 and 
April 6 were read by the Corresponding Secretary 
in the absence of the Recording Secretary and 
approved by the Academy. 

The Corresponding Secretary made the follow- 
ing announcements from the Council* 

The Permanent Science Fund Committee has 
been reappointed. John W. Bunker, Chairman, 
George R. Agassiz, Kenneth T. Bainbridgc, 


Gregory P. Baxter, Charles T. Brues, Hudson 
Hoagland, Walter S Hunter, S Burt Wolbach. 

The following grants have been made from the 
Permanent Science Fund 

1 To Klso S Barghoom, Jr., Instructor in 
Biology, Amherst College, for expendable ma- 
terials, compensation for assistance, and field 
expenses in a continuation of bis studies on the 
structural and mechanical changes which occur 
in submerged wood and other plant remains, $350 

2 To Alfred Rehder, Curator of the Her- 
barium, Emeritus, Arnold Arboretum, for one- 
balf the cost of library work in various cities for 
completion of the manuscript on the Bibliography 
of Cultivated Trees and Shrubs, $100 

Professors Edward K Band and Carl N. 
Jackson have been transferred to the status of 
Fellows Emeriti, in accordance with the amend- 
ment to the Statutes adopted by the Academy in 
November 1942 

A letter has lieen received from Wilmer Lanier 
Barrow accepting his election as a Fellow. 

At a special meeting of the Council on April 20, 
the following were elected to Fellowship in the 
Academy- 

Class I 

Section 1 Edwin Powell Hubble, Pasadena, Cal 
Cecilia Helena Payne-Gaposchkin, 
Lexington 

Section 2 Enrico Fermi, Ix-onia, N. J 
Philipp Frank, Cambridge 
Edwin Herbert Land, Cambridge 
Donald Charles Stockbarger, Belmont 
Section 3 Hugh Stott Taylor, Princeton, N J 
Seiiion 4 Bradley Dewey, Cambridge 

Class II 

Section 1. Lewis Don Leet, Harvard 
Sections David Bruce Dill, Arlington 
Brenton Reid Lutz, Melrose 
Section 4 Arlie Vernon Bock, Cambridge 
Chester Scott Keefer, Brookline 

Class III 

Section 1 Charles Edward Wyzanski, Jr., 
Brookline 

Section 2 Payson Sibley Wild, Jr , Cambridge 
Sections. Augusta Fox Bronner (Mrs. William 
Healy), Boston 



144 


PROCEEDINGS OF THE AMERICAN ACADEMY 


Benjamin Moms Selekman, Cam- 
bridge 

Section 4 Ada Louise Comstock (Mrs. Wallace 
Notestem), Cambridge 


Class IV 

Section 1. Angus Dun, Cambridge 
Section 2 Carleton Stevens Coon, Wakefield 

Hugh O’Neill Henckcn, Chestnut Hill 
Section 3. Perry Gilbert Eddy Miller, Cam- 
bridge 

Jean-Joseph Seznec, Cambridge 
Section 4 Leonard Bacon, Peace Dale, R I. 
Willa Gather, New York, N. Y 
Randall Thompson, Charlottesville, 
Va 

Thornton Niven Wilder, New Haven, 
Conn 

The following reports were presented 


REPORT OK THE COUNCIL 

Since the last report of the Council the deaths 
of twenty-one Fellows have been reported 
Joseph Henry Beale, Stephen Vincent Bendt, 
Franz Boas, Ralph Adams Crain, John Frank 
Daniel, Davis Rich Dewey, Frank Edgar Farley, 
James Edmund Ives, James Richard Jewett, John 
Ellerton Lodge, Abbott Lawrence Lowell, Charles 
Thomas Main, Edward Caldwell Moore, George 
Andrew Reisner, Robert Wilcox Sayles, Charles 
Schuehert, Andrew Watson Sellards, William 
Albert Setchell, Joseph Warren, Grenville LmdaJl 
Winthrop, Joseph Ruggles Worcester, and of 
four Foreign Honorary Members Frank Dawson 
Adams, Sir Joseph Larmor, Charles Tate Regan, 
Richard Willstatter. 

Twenty-one Fellows and one Foreign Honorary 
Member were elected by the Council and an- 
nounced to the Academy in May 1942. 

T he toll now includes 773 Fellows, 2 Fellows 
Emrtiti, and 119 Foreign Honorary Members 
(not including those elected in 1943). 


Report or the Treasurer 
•Receipts 

Academy, General 
From - Investment Income 
(Schedule D) *12,507 28 
Less. Income to 
Special Funds 9,548 95 

*2,958.33 

Assessments and Admission 
Foes 4,175 00 

*7,133 33 

Amory Fund Committee 

From - Investment Income *2,913.87 

Publication t Committee 
From Investment Income *2,384 53 

Sale of Publications 682 50 

Rumford Fund 720 00 

Subscriptions, Lake Publi- 
cation . . 255 80 

4,042 83 

Rumford Fund Committee 

From Investment Income 3,061 00 

Warren Fund Committee ■ 

From: Investment Income 967 73 

Mabel & Agassiz Fund 

From Investment Income 11120 

Permanent Science F und 
From Boston Safe Deposit 

and Trust Co , Trustee *16,946.62 
Return of balance of Grant 21 03 

Investment Income 47 26 

16,014 91 

Kennelly Fund 

From Investment Income 63 36 

Total Receipts *34,308.23 

tExPLNDlTURfcS 

Academy, General: 

Library, Salaries *2,048 00 
Books & Binding 


(Net) 362 68 

*2,410 58 

General (Net) 861 45 

House (Net) 2,559.46 

President’s Office 7.50 

Treasurer’s Office 539 35 

Insurance 605 79 

*6,984.13 


* Excluding sales of securities, 
t Excluding purchases of securities. 
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Amory Fund: 

Expense 

Publications Committee. 
General 
Lake 

Rumford Fund Committee. 
Grants 

To llumford Fund 

TForren Fund Committee 
Grants 

Mabel S. Agassis Fund 
For Meetings 

Permanent Science Fund 
Grants 
Expense 

Special Expense 
Recording Secretary 

Toted Expenditures 


$48.00 


$3,496 72 
174.39 

3,671 11 


$400 00 
720.00 

1,12000 


700 00 


111 20 


$1,686 00 

1 66 

1,586 66 

27.40 
$14,248 49 


Report of the Library Committee 

In addition to the many volumes and serials 
consulted at the Academy within the past year, 
there were borrowings by eighteen outside 
libraries. Of the total of 87 volumes and 16 un- 
bound numbers borrowed, very few were taken 
out by Fellows of the Academy, and the inference 
is not unwarranted that the resources of our 
Library are perhaps better realized from without 
than from within our walls. 

The addition of 217 volumes since last year’s 
report brings the number on the shelves to 47,114. 
Of the additions, 153 were received by gift or 
exchange and 64 were purchased. Most of the 
items purchased were parts of serial sets from the 
Library of the Boston Society of Natural History, 
filling gaps in the Academy sets The price paid 
for these was $110. From the general sale of 
duplicates the Academy has realized $165. 

At the Stated Meeting of October 11, 1939, the 
Corresponding Secretary, read an excerpt from 
the will of the late Arthur E. Kennelly, by the 
terms of which the Academy was accorded the 
choice of such volumes from his scientific library 
as might remain after the fulfillment of certain 
other bequests. These items have all been 


inspected and several volumes and pamphlets 
selected. 

With the approval of the Council of the Acad- 
emy and of the Director of the Massachusetts 
Historical Society, The Academy’s loan of its 
single volume (1759-60) of the Boston Post-Boy 
was transferred from the Historical Society 
(there a duplicate) to fill a gap in the newspaper 
files of tlie American Antiquarian Society. In 
requesting this transfer, the Director of the latter 
society has further proposed the permanent 
exchange for this item of certain scientific ma- 
terial to be later submitted for approval. 

A preliminary survey has been made of the 
stacks relative to the need for oiling, repair or 
re-binding of the older volumes. In the absence 
of appropriation for this purpose it is proposed to 
spread the work over a time sufficient to place it 
within current resources 

The appropriation for the year ending March 
31, 1943, was $3000, and the expenditure was as 
follows 


Salaries $2,048 00 

Purchase of books and periodicals 299 93 

Binding 227 65 

Total $2,675 58 


Respectfully submitted, 

Frederick H Pratt, Librarian 

May 12, 1943 

Report of the Romford C ommittf.e 
Some weeks ago, the chairman of this Com- 
mittee wrote to thirteen recent recipients of 
Rumford grants From four no replies have as 
yet been received. Of the remaining nine, five 
report progress and two complete cessation of the 
research owing to the war One, for a like reason, 
suggests the return of the Rumford grant. By 
one the statement is made that an instrument 
has been built but that its test has been indefi- 
nitely postponed because of war conditions 
A meeting of the Rumford Committee was held 
January 11, 1943. As there were no applica- 
tions for grants, the sole topic vmder discussion 
was the nomination of the Rumford medalist for 
1943. Charles Edward Kenneth Mees was chosen 
by the five members of the Committee who were 
present. This nomination was later made unani- 
mous by letters received from the two absentees. 
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During March a confirmation of this nomina- 
tion, as required by the statutes, was obtained. 
The vote was again unanimous 
The Committee, therefore, presented his name 
to the Academy requesting its approval of the 
nomination, the medals to be awarded “For his 
contributions to the science of photography.” 

Respectfully submitted, 

Norton A. Kent, Chairman 

May 12, 1943. 

Report of the Cyrus M. Warren Committee 
The Committee lmd available for grants during 
the fiscal jear 1942-43 the sum of $900 From 
this amount the following grants totalling $700 
have been made 

To Professor F F Nord of Fordham Univer- 
sity, New York City, a grant of $300 for the pur- 
chase of some rare sugars for use in continuing 
research m the field of enzyme reaction 

To Dr. Carl C Smith of the University of 
Cincinnati, Cincinnati, Ohio, a grant of $-100 for 
materials to be used in the investigation of the 
chemical properties of angiotonm. 

The balance of $200 has been added to the ap- 
propriation for the coming year, 1943-44 
A communication was received in May 1942 
from Professor Arthur F Scott reporting on work 
undertaken with the aid of a grant in 1938 Brief 
reports were received from Professor J W 
McBain and Dr. Philip Pizzolato in regard to 
grants received in 1941 Dr C C Smith has 
reported good progress on his work on the chemi- 
cal properties of angiotonm. 

Reprints have been received on work earned 
out with the assistance of grants, as follows 
Professor E. C Gilbert "The Apparent 
Energy of the N-N Bond as Calculated from 
Heats of Combustion” J. Am Chem. Soe 24, 
2369 (1942) 

Professor Paul L Kirk. “Microscopy of the 
Amino Acids and Their Compounds” Ind and 
Eng Chem 18, 587 (1941) 

Professor G Krotkov Report and reprints on 
"Diurnal Changes in the Carbohydrates of 
Wheat Leaves” Can. Jour, of Research, 21, 26 
(1943). 

Professor F. F. Nord. “Essential Steps m the 
Enzygaatic Breakdown of Hexoses and Pentoses” 
Archives of Biochemistry, 1 , 143 (1942). 


The resignation during the past year of two 
members of the Committee is reported: that of 
Professor Reid Hunt and Professor Tenney L. 
Davis 

Respectfully submitted, 

Frederick G Keyes, Chairman 

May 12, 1943 

Report of the Committee of Publication 

The Committee held one meeting during the 
year on Octolier 4, 1942 Other business was 
transacted by correspondence which was neces- 
sitated by the absence of the Chairman in Wash- 
ington 

During the year the following numbers of the 
Proceedings were published Vol 74, No. 14 
Records of meetings List of Members Statutes. 
Vol 75, No I Whit head, A. N. ami others. 
Papers on post-war problems At the present 
time the following papers are in proof 

1 F M Carpenter The Lower Penman 
Insects of Kansas. Part 9 

2 Tenney L Davis and Chao Yun-Ts’ung: 
Chao Hsueh-Mm’s Outline of Pyrotechnics 

3 D L Augustine Some Factors in the De- 
fense Mechanism against reinfection with Try- 
panosoma Li wisn 

A couple of articles were submitted by persons 
not members of the Academy which were referred 
to readers in the respective fields, and declined 
upon receipt of their reports No other material 
is at present in the hands of the Editor for publi- 
cation 

Professor and Mrs Lake have been actively 
at work on the Index to Dated Greek Manuscripts 
Six of the main rubrics m this have been prepared 
by them and cheeked by the Editor with the 
assistance of Drs Paul J Alexander and Milton 
V Anastos, Junior Fellows at Dumbarton Oaks 
The remaining indices are expected to be finished 
shortly Owing to illness the Editor has been 
unable to make arrangements with the Waverly 
Press for the transfer of the bulk of the remainders 
of the publication to Boston, but hopes to do so 
before be leaves Washington in June. 

Professor Hatch has been working on the 
indices to bis Album of Dated Syriac Manuscripts, 
and the major part of these have been prepared 
and sent on to the printer. 

The Committee wishes to go on record with an 
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expression of their deep regret at the death of 
their fellow member, Professor Joseph H Beale, 
on January 20, 1943. His collaboration in recent 
years had been impeded by illness, but his interest 
remained none the less unflagging and his sound 
counsel was of great help in various problems 
which arose 

Respectfully submitted, 

Robert P. Blake, Chairman 

May 12, 1943 

Report of the House Committee 

During the year ending March 31, 1943, the 
House Committee had at its disposal funds 
amounting to $2,195, made up as follows 

Appropriation for 1942-43 $2,000 

Received from other societies for the use of 
rooms 195 

Total $2,195 

The expenditures amounted to $2,754 46 Of 
this the sum of $2,543 59 was spent for routine 
expenses and $210 87 for upkeep and equipment 
Meetings have been held as follows 


The Academy 8 

Archaological Institute of America, Boston Society 2 
Boston Surgical Society 3 

New England Botanical Club 9 

Total. 22 


The Council Chamber has been used for Acad- 
emy Council and Committee meetings, and also 
by the Trustees of the Children’s Museum and 
the New England Farm and Garden Association 
A detailed list of expenditures follows 


Janitor $951 00 

Electncity Light 205 01 

Power f>8 51 

Fuel 966 35 

Elevator service and repairs 1 17.96 

Telephone 124 47 

Gas 5019 

Water 40 48 

Upkeep and equipment 210 87 

Janitor’s supplies and sundries 19 62 

Total $2,754 46 


Appended are the revised "Rules for the use of 
the House,” adopted by the Council in May 1942 


RULES FOR THE USE OF THE HOUSE 
(Adopted by the Council, May 13, 1942) 
Preamble 

The Council reserves the right to grant per- 
mission to or withhold permission from any 
organization which may seek to use the House for 
regular meetings or for more than one meeting 
in any one calendar yeur 

Rules 

1 The House of the Academy shall be a\ ailable 
for the use of Fellows of the Academy at all 
reasonable hours. 

2 Except us otherwise provided, the privilege 
of using the House of the Academy shall be en- 
joyed by Fellows only, who shall, however, be 
permitted to bring guests with them to a number 
not exceeding twenty. 

3 Fellows introducing guests shall be respon- 
sible for any injury caused by them to the 
property of the Academy 

4. Fellows or organizations introduced by them 
may use the Committee Room and the Reception 
Room on the ground floor and also the Assembly 
Hall and the Reading Room For the use of the 
rooms on the ground floor no charge shall be 
made. For the use of the Assembly Hall a charge 
of $10 will be made for each occasion, for the 
Reading Room there will be a charge of $15 if no 
refreshments are served, or $20, if there are re- 
freshments An additional charge of $5 will be 
made for each hour or fraction of an hour during 
which the rooms are occupied after 1 1 P M The 
House Committee is authorized, however, to re- 
duce the charges for small groups. 

5 A visitors’ book shall be kept in such place 
as the House Committee may determine, in 
which the names of Fellows using the House and 
the names of their guests, or organizations they 
introduce, shall be entered 

6 Fellows, or organizations introduced by 
them, desiring to use either of the two large 
rooms for a meeting shall make application to 
the Assistant Librarian not less than one week in 
advance of the time at which the meetings is to 
lie held. 

7 The privileges of the House shall be limited 
to Fellows and their guests and to learned and 
cultural societies introduced by Fellows, ap- 
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proved by the House Committee, and endorsed 
by the Council. Societies not on the approved 
list should make written application to the Assis- 
tant Librarian at least two weeks in advance of 
the proposed meeting, and in any event sufficient- 
ly in advance to permit of action by the Council. 

Respectfully submitted, 

E F Lanolf.y, Chairman 

May 12, 1943. 

Mr. Edmund A. Whitman spoke of the need of 
greater maintenance expenditure, particularly on 
the heating and ventilating system, which is 
obsolete and m poor condition. It was Voted, 
thut the problem be referred to the Policy Com- 
mittee, with the suggestion that the desirability 
of increasing the annual dues be considered. 

A motion was made that the annual dues for 
Fellows resident within the fifty mile radius be 
set at ten dollars for the year 1943-44. Mr. 
Whitman proposed to postpone action on dues 
until the report of the Policy Committee After 
brief discussion the amendment was withdrawn 
and the original motion was carried 
On the recommendation of the Rumford Com- 
mittee it was Voted, to award the Rumford 
Medals to Charles Edward Kenneth Mees for his 
contributions to the science of photography. 

The following officers and committees were 
elected for the coming year 

Harlow Shaplry, President 

PntC'Y W Bridgman, V u (‘-President for Class I 

S. Burt Wolbach, Vice-President for Class 11 

Sll>\M B Fay, Vice-President for Class III 

FredN Robinson, Vice-President for Class IV 

Abbott P I’sher, Corresponding Secretary 

Hudson IIoaglanii, Recording Secretary 

Horace 8 Ford, Treasurer 

Frederick H Pratt, Librarian 

Robert P Blake, Editor 

Councillors for Four Years' 

John M. Lessells, of Class I 
Charlis A Weatherby, of Class II 
Robert G Caldwell, of Class III 
Kenneth J. Conant, of Class IV 

Councillor for Three Years: 

Calvert Magruder, of Class III 


Councillor for Two Years: 

Donald S. Tucker, of Class III 

Committee on Policy and Resources: 

Robert G Dodge, Member for Five Years 
Finance Committee 

Jerome C. Hunsaker John F. Ebersole 
Ralph E Freeman Henry P. Kendall 

Rumford Committee: 

Norton A Kent, Chairman 
Percy W. Bridgman George W. Pierce 
Harry M Goodwin George R. Harrison 
Harlow Shapley Robert B. Lindsay 

C. M Warren Committee. 

Frederick G Keyes, Chairman 
Gregory P Baxter Grinnell Jones 
Walter L Jennings Avery A. Morton 
Charles A Kraus Walter C. Schumb 

Committee of Publication 
Robert P. Blake, Chairman 
Edwin C Kemble, of Class I 
Ralph H. Wetmore, of Class II 
Arthur H. Cole, of Class III 
Robert P Casey, of Class IV 

Committee on the Library. 

Frederick H Pratt, Chairman 
Raymond C. Archibald, of Class I 
Thomas Barbour, of Class II 
Francis N. Balch, of Class III 
Henry B. Washburn, of Class IV 

Auditing Committee: 

Erwin H. Schell Alexander Forbes 

House Committee' 

Ernest F. Langley, Chairman 
H. Addington Bruce Robert P. Bigelow 

Walter E. Clark 

Committee on Biographical Notices: 

Three Years: 

Raymond C. Archibald Samuel E. Morison 
Two Years 
Austin W. Scott 
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Committee on Meeting*: 

The President 
The Recording Secretary 
Leonard Carmichael George Scatchard 
Samvel H. Cross Frederick K. Morris 

Three communications were then presented : 

George Sarton: “Copernicus.” 

Fred L. Whipple “The Solar System.” 

Bart J. Bok: “The Milky Way and the Meta- 
galaxy.” 

Some original editions of the works of Coperni- 
cus, loaned by the Harvard College Library, were 
on exhibition in the office. 

The meeting was dissolved at 10 25 P M 

One Thousand Tvo Hundred and Eighty-eighth Meeting 

October 13, 1943— Stated Meeting 

The Academy met at its House at 8 20 P M 

The President in the Chair. 

There were present fifty-two Fellows and forty- 
three guests. 

The records of the meeting of May 12 were 
read and approved. 

The Corresponding Secretary reported the 
receipt of letters accepting Fellowship from the 
following. Leonard Bacon, Arlie Vernon Bock, 
Augusta Fox Bronner (Mrs. William Healy), 
Willa Cather, Ada Ixmise Comstock (Mrs. 
Wallace Notestein), David Bruce Dill, Angus 
Dun, Philipp Frank, Hugh O’Neill Hencken, 
Chester Scott Keefer, Edwin Herbert Land, 
Lewis Don Leet, Brenton Reid Lutz, Cecilia 
Payne Gaposchkin, Benjamin Morris Selekman, 
Jean Joseph Seznec, Donald Charles Stockbarger, 
Hugh Stott Taylor, Randall Thompson, Payson 
Sibley Wild, Jr., and Charles Edward Wyzanski, 
Jr. 

He also reported the receipt of a letter from 
Henry I. Harriman resigning Fellowship, to take 
effect in May 1944. 

The Rumford medals were then presented to 
Dr. Charles Edward Kenneth Mees for his con- 
tributions to the science of photography. 

Dr. Mees made an address on “Sensitizing 
Dyes and Their Use in Photography,” which was 
illustrated with lantern slides as well as a practical 
demonstration. 

The meeting was dissolved at 10.00 P. M. 


One Thousand Two Hundred and Eighty-ninth Meeting 

November 10, 1943 — Stated Meeting 
The Academy met at its House at 8 25 P. M. 
The President in the Chair. 

This meeting had been designated as Ladies’ 
Night, and there were present about 180 Fellows 
and guests. 

The records of the meeting of October 13 were 
read by the Corresponding Secretary in the 
absence of the Recording Secretary, and approved 
by the Academy. 

The Corresponding Secretary reported the 
acceptance of lus election as a Fellow by Perry 
Gilbert Eddy Miller. 

Professor Martin Wagner and Mr Hermann 
Herrey addressed the Academy on “The Future 
of Our Cities.” There were lantern slide illustra- 
tions, and a special exhibition in the Reading 
Room, arranged by Mr Herrey 
The meeting was dissolved at 10.15 P M 

One Thousand Two Hundred and Ninetieth Meeting 

December 8, 1943 — Stated Meeting 
The Academy met at its House at 8 20 P M 
The President in the Chair 
There were present fifty-five Fellows and 
twenty-five guests 

The records of the meeting of November 10 
were read and approved. 

The following communication was presented: 
Frederick K Morris “European Topography 
and the Progress of the Allied Armies,” illus- 
trated with lantern slides and maps 
The meeting was dissolved at 9 45 P M 

One Thousand Two Hundred and Ninety-first Meeting 

January 12, 1944 — Stated Meeting 
The Academy met at its House at 8 28 P M. 
The President in the Chair 
There were present fifty-three Fellows and 
fifty guests 

In the absence of the Recording Secretary, his 
duties were assumed by the Corresponding 
Secretary. 

The records of the meeting of December 8 were 
read and approved. 

The Corresponding Secretary reported a pro- 
posed amendment to the Statutes, which had 
been approved by the Council, as follows: 
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Chapter II, Article 1, paragraph 1, to read as 
follows - “The Academy shall consist of Fellows, 
elected from the citizens or residents of the 
United States of America, Fellows Emeriti, and 
Foreign Honorary Members. They shall be 
urranged in four Classes, according to the Arts 
and Sciences in which they are severally proficient 
and each Class shall be divided into four Sections, 
namely” 

The Academy voted to amend the Statutes as 
recommended by the Council 

The following communications were presented 
T. North Whitehead and Warren A Seavey - 
“How Should Post-War Germany Be Treated?” 

The meeting was dissolved at 10.23 P M 

One Thousand Two Hundred and Ninety-second Meeting 

February 9, 1944 — Stated Meeting 

The Academy met at its House at 8 30 P M. 

The President in the Chair. 

There were present fifty-seven Fellows and 
thirty guests 

The records of the meeting of January 12 were 
read and appro veil. 

A letter from Boston University was read 
inviting the members of the Academy to attend 
the sessions of an Institute on Post-War Problems 
which the University is planning to hold in con- 
nection with its Founder’s Day observance, 
March 11, 12 and 13 

The following communication was presented • 

Jerome C. Hunsaker "Aeronautical Research,” 
illustrated with lantern slides and motion pic- 
tures. 

There was also an exhibit of astronomical 
slides by Dr. Shapley to illustrate recent astro- 
nomical discoveries 

The meeting was dissolved at ten o’clock 

One Thousand Two Hundred and Ninety- third Meeting 

March 8, 1944 — Stated Meeting 

The Academy met at its House at 8.25 P M. 

The President in the Chair. 

There were present thirty-nine Fellows and 
twelve guests 

The records of the meeting of February 9 were 
read and approved 

The Corresponding Secretary reported the 


receipt of a letter from Bradley Dewey accepting 
his election to Fellowship. 

On the recommendation of the Council the 
following appropriations were made for the en- 
suing year - 

From the income of the General Fund, $7225, 
to be used as follows - 


for Ilouxe expenses $2,600 

for General and Meeting expenses 1,000 

for Library expenses 2,625 

for Treasurer’s expenses 1,000 


$7,225 

From the income of the Publication Funds, 
$2,144, to be used for publication 
From the income of the Rumford Fund, $3111, 
to he used at the discretion of the Committee. 

From the income of the C. M. Warren Fund, 
$870, to be used at the discretion of the Commit- 
tee 

The President announced the appointment of 
the Nominating Committee: 

Dugald C. Jackson, of Class I, Chairman 
Roliert P. Bigelow, of Class II 
Henry P Kendall, of Class III 
William C. Greene, of Class IV 
He reported the discovery, through the calcu- 
lations of Mr Clemence of the U. S. Naval 
Observatory, that the orbit of the Earth rotates 
in space in accordance with the Einsteiman 
theory of relativity Heretofore the “advance of 
the longitude of the perihelion” of a planetary 
orbit was known for Mercury only 
The following communication was presented. 
John II. Williams - “Post-War Currency Sta- 
bilization.” 

After the address by Dean Williams the Presi- 
dent reported on a special exhibit of a new kind 
of “fishing frog” — a sort of deep sea monster 
called Regamchthys giganteus nov gen. et sp , by 
Fellows H B. Bigelow and Thomas Barbour, 
who have recently procured this unusual fish 
from a fisherman off the Maine coast. It belongs 
to the group called Ceratiotds 
The meeting was dissolved at 10.15 P. M. 

On* Thousand Two Hundred end Ninety-fourth Meeting 

April 12, 1944 — Stated Meeting 
The Academy met at its House at 8.30 P. M. 
The President in the Chair. 
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There were present twenty-nine Fellows and 
twenty-four guests. 

The records of the meeting of March 8 were 
read and approved. 

The Corresponding Secretary announced that 
the Council had made the following grants from 
the Permanent Science Fund 

1. To Theodor von Brand and W Gardner 
Lynn, Catholic University of America, Washing- 
ton, D C , for special equipment for use in 
investigation of metabolic rates in turtle embryos, 
*80 

2. To Curtis L. Newcoinbe, Associate Pro- 
fessor of Biology, College of William and Mary, 
Williamsburg, Va , for assistance in a further 
study of the larval stages of Volaella demissus, 
the ribbed mussel, a source of food, *000.00 

3. To Frances A Schofield, Adjunct Professor 
of Chemistry, Randolph Macon Woman’s College, 
Lynchburg, Va., to provide assistance and ex- 
pendable materials in a further study of glycogen 
forming activity of alanine isomers, *500 

4. To Abraham M Shanes, Instructor in 
Physiology, New York University, College of 
Dentistry, for assistance in extending a study of 
bioelectric potentials, *450 

The President discussed plans for Academy 
cooperation next year with the Institute of 
Religious and Social Studies, as considered 
earlier in the evening by the Council 

The following communication was presented 

Frederick Fuller Russell “The War and Public 
Health ” 

The meeting was dissolved at ten o’clock 

One Thousand Two Hundred and Ninety-filth Meeting 

May 10, 1944 — Annual Mfeting 

The Academy met at its House at 8 25 P M 

The President in the Chair. 

There were present forty-eight Fellows and 
thirty guests. 

The records of the meeting of April 12 were 
read and approved. 

The Corresponding Secretary reported that 
Arturo Rosenblueth had resigned his Fellowship. 

He then read the annual report of the Council. 

Report of the Council 

Since the last report of the Council there have 
been reported the deaths of thirty-three Fellows 


Joseph Sweetman Ames, Charles McLean An- 
drews, Edward Cooke Armstrong, Charles Maefie 
Campbell, James McKeen Cattell, Russell Henry 
Chittenden, Winthrop More Daniels, Charles 
Benedict Davenport, William Johnson Drisko, 
Arthur Fairbanks, Albert Bushnell Hart, Ales 
Hrdlicka, Douglas Wilson Johnson, Arthur Keith, 
Alexander George McAdie, Ix-e Sullivan MeCol- 
lester, Edward Bennett Muthews, William Car- 
dinal O’Connell, Robert Ezra Park, William Lyon 
Phelps, James Bissett Pratt, Henry Washington 
Prescott, Alfred Lawrence Ripley, William Emer- 
son Ritter, Frank Schlesmgcr, James Brown 
Scott, Henry Lloyd Smyth, John Frank Stevens, 
John Stone Stone, Robert Spurr Weston, Joseph 
Ruggles Worcester, David Elbndge Worrall, 
Karl Young, and two Foreign Honorary Mem- 
bers Sir William Searle Iloldsworth and Sir 
Aurel Stein 

The following Fellows have In-en classified as 
Fellows Emeriti Edward B Hill (Mar. 8, 1944), 
William E Hocking (Nov. 10, 1943), Carl N 
Jackson (Apr 20, 1943), John L Lowes (Feb 9, 
1944) and Edward K Rand (Dee 9, 1942). 

Twenty-seven Fellows were elected by the 
Council and announced to the Academy m May 
1943 

The roll now includes 759 Fellows, five Fellows 
Emeriti, and 117 Foreign Honorary Members 
(not including those elected in May 1944) 

The reports of the Treasurer and of the stand- 
ing committees, which follow, were not read to 
the Academy but to the Council at its meeting 
preceding the Academy meeting A summary of 
them was, however, given bv the President 

Report of tiie Treasurer 
•Receipts 

Academy, General 

From Investment 
Income $12,747 65 

I jess Income to 
Special Funds 10,064 66 

- $2,682 99 

Assessments and Admission 

Fees 4,210 00 

$6,892 99 

Amory Fund Committee 

From: Investment Income 3,165 51 


• Excluding sales of secunties. 
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Publications Committee 
From. Investment Income $2,281 60 

Sole of Publications 787 02 

Contribution 5 00 

Luke Publication, from 
American Council Learn- 
ed Societies 2,500 00 

$5,574 52 

Rum ford fund Committee 

From Investment Income $3, 1 1 3 50 

Return of Grant 400 00 


Warren Fund Committee 

From Investment Income 925 95 


Mabel 8 Agassiz Fund 

From Investment Income 106 40 


Permanent Semite Fund 
From Boston Safe Deposit 
and Trust Co , Trustee 
Return of balance of Grant 
Investment Income 

Kennelh/ Fund 

From Investment Income 


*9,949 74 
7 72 
417 70 


10,375 16 


64 00 


Total Receipts 


*30,608 03 


Academy, General 
Library, Salaries 
Books & Binding 

General (Net) 
House (Net) 
Treasurer’s Office 
Insurance 


* KX PK N IUTT7R E8 


*2,036,00 
651 84 

*2,687 84 

1,234 32 
2,524 35 
57007 
589 70 


Amory Fund 
Expense 

Publications Committee 
General *898 87 

Lake 267 27 


Rumford Fund Committee 
Grants *650 00 

Medal 350 04 


Warren Fund Committee 
Grants 

MabtlS Agaesit Fund, 
For Meetings 


*7,606 28 
53 00 

1,166 14 

1,000 04 
250 00 

106 40 


* Excluding purchases of securities 


Permanent Science Fund 
Grants 
Expense 

Special Expense 

Recording Secretary 

Total Expenditures $11,238.70 

Report of the Library Committee 
During the year 1943-44, fifty-three volumes 
and sixteen unbound numbers of serials were 
borrowed by eight Fellows and nineteen libraries, 
and many more have been consulted at the 
Academy. 

The number of volumes on the shelves at the 
tune of the last report was 47,114. During the 
year 147 bound volumes were added, making the 
number now 47,261 Of this numlier 134 were 
received by gift or exchange, and 13 were pur- 
chased To these are to be added a number of 
unbound volumes, parts of serial publications, 
and pamphlets, none of which are counted as 
volumes until they are bound. 

From the American Antiquarian Society came 
a generous contribution of 14 bound volumes, 89 
unbound volumes or numbers of serials, and a 
large number of pamphlets in exchange for our 
single volume of the Boston Post-Boy (1759-60), 
transferred as a duplicate by its liorrower, the 
Massachusetts Historical Society, to complete 
the Antiquarian Society’s valuable file 
The appropriation for the year ending March 
31, 1944, was $2,625, the expenditures being as 
follows 

Salaries $2,036 00 

Purchase of books and periodicals 463 84 

Binding 188 00 

Total $2,687.84 

For the conservation of bindings, a special 
appropriation has been voted by the Council. 
In expectation of this initial grant of $100 expert 
advice and service have been obtained relative to 
oiling and repair. Of particular concern are the 
leather bindings of many treasured items, such as 
early volumes of the Philosophical Transactions 
and books belonging to the original bequest of 
Governor Bowdoin, the Founder, as well as the 
ancient works bearing the bookplate of President 
John Adams and other early Fellows. 


$1,050.00 

4.93 

$1,054.93 

1.91 
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Just as our rich files of modern serials and 
transactions in the physical sciences should at- 
tract the investigator who appreciates conveni- 
ence of reference and ease of withdrawal, so our 
long-since static collection of 18th and 19th- 
century published books should have no small 
appeal for the antiquary who seeks to know what 
the Academy in the course of its first century saw 
fit to collect; for, in a sense not wholly figurative, 
they reflect the atmosphere our learned fore- 
runners are presumed to have breathed. 

Respectfully submitted, 

Frederick Haven Pratt, Librarian 
May 10, 1944. 

Report of the Rumford Committee 

During the past Academy year, but two grants 
have been made by the Rumford Committee 
The first one, July 20, 1943, was made to Dr 
Alvin H. Nielsen of the University of Tennessee 
for $350 for the purchase of a rock salt prism and 
four pairs of rock salt windows to be used in his 
study of the vibration-rotation bands of certain 
polyatomic molecules The second grant was 
made on March 11, 1944, to Professor Richard 
H. Goodwin of the University of Rochester for 
$300 for the purchase of a Kleet Fluonmeter- 
Colori meter and certain accessories to lie used in 
his studies on the effect of light upon the develop- 
ment of pigments in plants. Both these grants 
were made through correspondence and personal 
conferences between the members of the Com- 
mittee and the Chairman. Because of war con- 
ditions, no letters were sent out asking for reports 
of the progress being made by previous grantees 

On October 13, 1943, the Rumford Medals 
were presented to Dr. Charles Edward Kenneth 
Mees for his contributions to the science of 
photography. 

Respectfully submitted, 

Norton A. Kent, Chairman 

May 10, 1944. 

Report of the Cyrus M. Warren Committee 

The Committee had available for grants during 
the fiscal year 1943-44 the sum of $950, of which 
$750 was appropriated at the March 1943 meet- 
ing and $200 remained as a balance from the 
previous year, 1942-43. From this amount two 
grants were made totalling $400, as follows: 


To Professor Thomas W. Davis of New York 
University, a grant of $150 for the purchase of 
a Lecky-Ewell type of fractionating column and 
accessory equipment for use in analyzing mix- 
tures of hydrocarbons 

To Doctor Walter J. Nickerson of Wheaton 
College, Norton, Massachusetts, a grant of $250 
to defray the expense of obtaining improved 
manometric equipment for use in studies on 
cellular respiration and for reagents to be used 
in attempts to synthesize possible intermediate 
compounds in the oxidation of acetate and 
ethanol. 

A report has been received from Professor 
Davis in the form of a letter in which he states 
that by the time he was able to place an order for 
a Lecky-Ewell fractionating column, it was no 
longer possible to obtain one. 1 * He has since then 
investigated the next best procedure and finds 
that additional funds will be needed to secure any 
other type of column. He is therefore holding the 
grant awaiting the opportunity to secure addi- 
tional funds 

A report from Doctor Nickerson indicates that 
only a small portion of his grant has been used in- 
asmuch as he has been in the Army for some time 
The unused balance of his grant is being held till 
such time as he can resume his research, and 
further reports will then be submitted. Two 
publications have been completed and reprints 
will be sent as soon as they are received from the 
printer 

Reprints have beeen received as follows, cover- 
ing work assisted by grants 

Professor E C. Gilbert “The Apparent Energy 
of the N-N Bond as Calculated from Heats of 
Combustion,” C M. Anderson and E. C. Gilbert, 
J. Am Chem Soc , S4, 2369 (1942). 

Professor F. F. Nord: “On the Mechanism of 
Enzyme Action. Part 21. Intermediary Phases 
in the Enzymatic Breakdown of d, 1-Alanine by 
Fusarium lini Bolley.” John C Wirth and F. F 
Nord, Archives of Biochemistry, 2, 463 (1943) 
Respectfully submitted, 

Frederick G Keyer, Chairman 
May 10, 1944. 

Report of the Committee of Publication 

The Publication Committee held one meeting 
on October 6, 1943, other business having been 
transacted by correspondence. 
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Dated Greek Manuscripts. Professor and Mrs 
Lake have been busily engaged upon the Index 
to the ten fascicles which have appeared and have 
submitted all of the thirteen indices and a large 
part of the prefatory material to the editor The 
greater part of this is now in proof, and it is hoped 
that the index volume can appear by the fall. 

In June, 1943, the remainders of the set were 
transported by truck from Baltimore and stored 
in the Academy’s House The total cost of this 
operation amounted to about $160 and will 
represent an annual saving in insurance charges of 
$1 19 40. The Waverley Press has kept a certain 
number of sets on hand, and the store will lie re- 
plenished from time to time as sales occur. 

Album, of Dated Syriac Manuscripts All the 
material is in the hands of the printer, and all 
galley proof has been corrected, but there has 
been some delay in receiving the page proof It 
is hoped that this will appear shortly, and the 
book can then come out in the fall Arrangements 
have been made with the Harvard University 
Press to handle the sales of the publication which 
have been approved by the President and the 
Treasurer 

One article by Professor S. J Barnett of the 
University of California at Los Angeles has been 
accepted and page proof is now in the Editor’s 
hands. It is entitled “New Researches on Mag- 
netization by Rotation and the Gyromagnetic 
Ratios of Ferromagnetic Substances.” 

A Records number of the Proceedings will be 
published this fall which will also contain the 
remainders of the memoirs on deceased Fellows 
whose publication lias been perforce delayed. 

Respectfully submitted, 

Robert P. Blake, Editor 

May 10, 1944 

Report of the House Committee 
During the year ending March 31, 1944, the 
House Committee has had at its disposal funds 
amounting to $2,450, as follows: 

Appropriation for the year 1943-44 $2,200 

Received from other societies for the use of 

rooms 250 

Total $2,450 

The expenditures amounted to $2,774.35. Of 
this the sum of $2,415.76 was spent for the 


routine expenses, janitor, heat, light, telephone, 
etc. and $358.59 for upkeep, furnishings and 
equipment The most important item in the 
latter category was $188, paid for putting back 
into working order an automatic heating and 
ventilating control system, which was installed 
when the house was built, but which had not been 
used for a number of years. Repairs to the ele- 
vator cost $150 53. 

Meetings have been held as follows 1 


The Academy 8 

Archaeological Institute of America, Boston Chapter 1 
Architectural Socioty of MIT 1 

Boston Surgical Society 2 

Institute of Food Technologists . 7 

Lowell Institute Alumni 1 

New England Botanical Club 9 

Total 29 


The Council Chamber has been used for the 
Academy Council and Committee meetings, and 
also by the Trustees of the Children’s Museum 
and the New England Farm and Garden Asso- 
ciation 

A detailed list of the expenditures follows. 


Janitor $967 00 

Fuel 840 38 

Elevator service and repairs 222 53 

Electncity. Light 192 79 

Power 44 20 

Telephone 137 89 

Gas 63 63 

Water 47 84 

Upkeep, furnishings and equipment 208 06 

Janitor’s supplies and sundries 60 03 

Total $2,774 35 


The deficit of $324 35 will be met by transfer 
from the General Fund. 

Respectfully submitted, 

Ernest F. Langley, Chairman 

May 10, 1944. 

The President announced that he had ap- 
pointed a committee to cooperate with the com- 
mittee of the Institute of Religious and Social 
Studies, consisting' of E S. Brightraan, Chairman, 
the President of the Academy, A. D. Nock, and 
the Chairman of the House Committee. 

On the recommendation of the Treasurer, the 
Academy voted that the annual assessment for 
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the year 1944-1945 for resident Fellows be ten 
dollars. 

The annual election of officers and committees 
resulted as follows. 

Howard M Jones, President 

George R Harrison, Vice-President for Class I 

Alfred C. Lane, Vice-President for Class II 

Ralph E Flanders, Vice-President for Class III 

Fred N. Robinson, Vice-President for Class IV 

Abbott P Usher, Corresponding Secretary 

Hudson Hoagland, Recording Secretary 

Horace S Ford, Treasurer 

Frederick H Pratt, Librarian 

Robert P. Blake, Editor 

Councillors for Four Years' 

Gustavus J Esselen, of Class I 
Chester S Keefer, of Class II 
Laurence L Winship, of Class III 
Warren 0. Ault, of Class IV 

Councillor for One Year: 

Hider E Rollins, of Class IV 
Committee on Policy and Resources 
Member for Fire Years and Chairman. 

Hakiajw Shaplky 

Finance Committee. 

Jerome C Hunsaker Ralph E Freeman 

Henry P. Kendall John F. Ebersole 

Rum ford Committee 
Norton A Kent, Chairman 
Percy W Bridgman George R. Harrison 
Harry M. Goodwin Robert B Lindsay 

Harlow Shapley Francis O. Schmitt 

C. M. Warren Committee: 

Frederick G Keyes, Chairman 
Gregory P Baxter Grinnkll Jones 

Walter L. Jennings Avery A. Morton 

Charles A. Kraus Walter C Schumb 

Committee of Publication: 

Robert P. Blake, Chairman, ex officio 
Edwin C. Kemble, of Class I 
Ralph H. Wetmore, of Class II 
Arthur H. Cole, of Class III 
Robert P. Casey, of Class IV 


Committee on the Library: 

Frederick H. Pratt, Chairman, ex officio 
Raymond C. Archibald, of Class I 
Thomas Barbour, of Class II 
Francis N Balch, of Class III 
Henry B. Washburn, of Class IV 

Auditing Committee' 

Erwin H. Schell Alexander Forbes 

House Committee. 

Charles M Spofford, Chairman 
H. Addington Bruce Robert P Bigelow 

Donald S Tucker 

Committee, on Biographical Notices: 

Three Years 

Abbott P Usher, Chairman 
Leigh Hoadley 

Committee on Meetings 
The President 
The Recording Secretary 
Leonard Carmichael Jerome D Greene 

Abbott P Usher Frederick K Morris 

The Corresponding Secretary announced that 
the following had been elected members of the 
Academy 

FELIX) WS 
Class I 

Section 1 Saunders MacLane, Cambridge 

John von Neumann, Princeton, N. J. 
SechonS. Ronold Wyeth Percival King, Win- 
chester 

Section S. Isadore Amdur, Cambridge 

Linus Carl Pauling, Pasadena, Cal 
Edgar Bright Wilson, Jr., Cambridge 
Section 4 . Arthur Robert von Hippel, Weston 
Richard von Mises, Cambridge 
Karl Terzaghi, Winchester 

Class II 

Section l. Columbus O’Donnell Iselin, II, Woods 
Hole 

Harald Ulrik Sverdrup, La Jolla, Cal. 
Section S. Paul Rupert Gast, Petersham 

Hugh Miller Raup, Jamaica Plain 
Albert Charles Smith, Jamaica Plain 
Sections. Eugene Markley Landis, Brookline 
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Section 4 ■ Maxwell Finland, Boston 

William Malamud, Worcester 

George Widmer Thorn, Cambridge 

Class III 

Section 2. Vera Micheles Dean, New York, N. Y. 

Carl Joachim Friedrich, Concord 

Sarah Wambaugh, Cambridge 
Section 3. Douglass Vincent Brown, Brookline 
Section 4 Adolf Augustus Berle, Jr., Washing- 
ton, D. C. 

Raymond Blaine Fosdick, New York, 
N. Y 

Ernest Martin Hopkins, Hanover, 
N H 

James Rhyne Killian, Jr., Wellesley 
Hills 

Beardsley RumI, New York, N Y. 

Leverett Saltonstall, Chestnut Hill 

Charles Edward Wilson, New York, 
N Y 

Class IV 

Section 2. William Bell Dinsmoor, New York, 
N. Y. 

Clyde Kay Maben Kluckhohn, Cam- 
bridge 

Ambrose Lansing, New York, N. Y 


Sections. Henry Grattan Doyle, Washington, 
D. C. 

Elias Avery Lowe, Princeton, N. J. 
La Rue Van Hook, New York, N. Y. 
Section 4 Walter Gropius, Lincoln 

Charles Rufus Morey, Princeton, N. J. 
Karl Vietor, Cambridge 
Herbert Eustis Wmlock, New York, 
N Y 

FOREIGN HONORARY MEMBERS 
Class II 

Section 1 Ezequiel Ordonez, Mexico, D. F. 
Class III 

Section 1. Victor Andr& Belaunde, Lima, Peru 
Section 3 Daniel Cosfo Villegas, Mexico, D. F. 

Class IV 

Section 3. Amado Alonso, Buenos Aires, Argen- 
tina 

The following communication was presented- 
Sarah Wambaugh. “The Place of the Small 
State in Organization for Peace.” 

Dr. Francis O. Schmitt exhibited a selection of 
electron microscope pictures of biological speci- 
mens 

The meeting was dissolved at 10.35 P. M. 
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FRANCIS GREENLEAF ALLINSON 
(1856-1931) 

Fellow In Claw III. Section 2. 1914 

Francis Grecnlcaf Allinson was born at Burling- 
ton, N. J., Dec. 16, 1856 and died at his summer 
home, Hancock Point, Me., June 23, 1931. He 
was a son of the Quakers, William James and 
Reliecea Webb (Hinchman) Allinson, and a great- 
great-grandson of Joseph Allinson who came from 
Yorkshire, England to Burlington in 1718. His 
father, a drug merchant and for many years the 
editor of The Friends Review of Philadelphia, was 
a close personal friend of the poet Whittier in 
anti-slavery times, and the son Francis was 
given the poet’s middle name. Ia-ss than six 
months later Whittier published a poem, “My 
namesake ”* 

Francis entered Haverford College and gradu- 
ated A.B in 1876 and AM. in 1879. After a 
year at Harvard he received the degree of A.B 
there also in 1877. He then had the wonderful 
experience of spending three years as fellow in 
Greek at The Johns Hopkins University in part 
of the most glorious period of its history, and 
became a pupil of the great Gildersleeve. When 
the University was opened in 1876 President 
Gilman assigned Gildersleeve to an empty room 
and told him to “radiate ’’ The effect of this 
radiation in Allinson’s case was magical, and after 
a distinguished career he was naturally selected 
as Gildersleeve’s biographer by the editors of the 
Dictionary of American Biography. He received 
his Ph D. at Johns Hopkins in 1880 for a disserta- 
tion “On Ionic forms in the second century” 
(Amer. Jl Philol , v. 7). 

He was successively assistant professor of 
Latin and Greek at Haverford College (1880-82), 
headmaster of classics at the University School 
for Boys, Baltimore, Md. (1882-91), and asso- 
ciate professor of Greek and Latin at Williams 
College (1892-95) In 1895 he joined the faculty 
of Brown University as associate professor of 
Greek and classical philology. He became the 


'Tins appeared in Harpers Weekly, May 13, 1857, 
vol 1 , p 323 , there are 42 stanzas with four lines in each 
stanza. The Friends Review for June 27, 1857, con- 
tains “To J Greenleaf Whittier. The namesake’s 
response,” signed “Greenleaf ” This was unques- 
tionably written by the father. 


professor of classical philology (1898-1915), and 
was professor of Greek literature and history from 
1915 until his retirement as professor emeritus in 
1928 During 1910-11 he represented Brown 
University as the professor at the American 
School of Classical Studies in Athens, and for 
many years he served as a member of the man- 
aging committee of that School. During the 
last five months of 1917 he was Sather lecturer 
on classical literature at the University of 
California. 

Allinson’s many articles, biographical sketches 
and reviews are to be found in such periodicals 
as American Journal of Philology, Classical 
Journal, Classical Philology, Classical Weekly, 
Education, Transactions and Proceedings of the 
American Philological Association, Harvard Stud- 
ies in Classical Philology, The Review (N Y ), 
Nation, Century Magazine, The Brawn Magazine, 
Brown Alumni Monthly, llavcrfordian, and Quak- 
er Alumnus, Philadelphia Allinson was an ideal 
writer of reviews, where his wide knowledge and 
keen sense of humor were often in evidence. He 
contributed also to the Studies m Honor of Basil 
Lanneau Gildersleeve (1902), to the Goodwin 
Volume of Harvard Studies in Classical Philology 
(1901), and the articles on “Albert Harkness” 
and “John Larkin Lincoln,” to the Dictionary of 
National Biography 

His first book was Rules of Latin Syntax 
(Baltimore, 1883) and his second book, Greek 
Prose Composition, went through three editions 
(Boston, 1890-95) Allinson was long a student 
and lover of the witty Lucian and brought out a 
school edition (1905) of Selections from his writ- 
ings Then in 1926 his Lucian — Satirist and 
Artist appeared in "Our Debt to Greece and 
Rome” series Admirable features, as well as 
defects, in this work have been set forth by L. E. 
Lord ( Classical Journal, v. 23, 1928, p 548-549) 
and by A. S. Owen ( Classical Review, v. 41, 1927, 
p. 179). 

Perhaps Allinson’s most important contribu- 
tion to scholarship was his edition of the principal 
fragments of Menander for the Loeb Classical 
Library (1921) It summarized all of his work in 
this field. No other classical author was pre- 
viously so inaccessible to the student of Roman 
comedy in an English edition as Menander, but 
here the modern problem was not only to prepare 
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a definitive text, but also translation and com- 
mentary. The result was a worthy addition to 
the Loeb series by one of the best living author- 
ities on Menander. 

Professor Allinson was twice married, — first, in 
1885, to Mary Irwin Carey of Baltimore, who 
died in 1901 leaving one daughter, and second, in 
1005, to Anne Crosby, daughter of Lucilius 
Alonzo Emery, chief justice of the supreme court 
of the state of Maine. The second Mrs. Allinson 
was also a classical scholar and a remarkable 
woman of great intellectual brilliance. She 
was dean of women and assistant professor of 
classical philology at the University of Wisconsin 
1892-1900 and dean of the Women’s College at 
Brown University 1900-1905 Besides being the 
author of a number of books and articles of her 
own, she collaborated with her husband in 
Greek Land* and Letters (1909) of which there 
were later editions in 1922 and 1931 They 
edited also an edition of John Conmgton’s 
English translation of Virgil’s Aeneid (Chicago, 
1916, 1923). 

Their home was a recognized center of friendly 
discussion and intellectual interchange, and their 
brilliant and witty conversation was a source of 
exhiliration to every visitor. Professor Allinson 
possessed something of the delicacy of the 
Hellenic attitude which seemed to influence his 
manner and way of thinking He was ever 
courteous and considerate though he could be 
vehement in his criticisms of policies and ten- 
dencies he did not approve. He wrote of Gilder- 
sleeve, “As in his more personal teaching, where 
a ‘mistake’ was a ‘crime,’ so in the wider sweep 
of his seminary courses an ineluctable exactitude 
prevailed. No vagueness was acceptable.” Every 
word of this might also be applied to Allinson 
He was a very inspiring teacher. He taught his 
students to form definite opinions. Enthusiasm, 
great stores of learning at instant command, 
humor, delight in the specially happy phrase 
of a translation, and breadth of view which 
recognized the great importance of fields of 
knowledge unrelated to Ins own, made every 
class-room meeting stimulating. 

He was much sought as a lecturer and as a 
reader of his translations from the Greek. For 
example, at Brown University in 1917 his sub- 
jects were, “Aeschylus: seven against Thebes, — 


national patriotism”, “Plato Republic, the uni- 
versal commonwealth”, “The Greek anthology: 
selected epigrams, — from Greek democracy to 
Byzantine imperialism.” Similarly in 1920, 
“Selections from Lucian, films from a second 
century kodak”, “The Eumemdes — The con- 
struction of conscience.” Of his many other 
lectures we may refer simply to his Phi Beta 
Kappa oration on “Daedalus” at Smith College 
m 1928. 

Among other expressions of recognition of his 
eminence, we may note his election us a fellow of 
this Academy (1914), as president of the Ameri- 
can Philological Association (1921-22), his re- 
peated election as Trustee of the Providence 
Public Library (1904-31), his receipt of honorary 
degrees, Litt D conferred by the University of 
Wisconsin (1922) and also by Trinity College 
(1922), and LLD. by Haverford College (1931). 

He was a graceful writer and a sparkling 
satirist, fastidious in his criticism and generous 
in his praise Unassuming by instinct Professor 
Allinson left his mark of sincerity and genuineness 
upon a broad circle of acquaintances One may 
appropriately close with Allinson’s own transla- 
tion of six lines of Schiller’s “Die Ideale” rehears- 
ing the two elements, “friendship” and “creative 
work” which had given most value to the poet’s 
life, as well us to his own. “The closing lines,” 
writes Allinson, “have always seemed to me the 
perfect picture of the scholar’s ideal, however 
conscious he may be that he falls short of the 
goal ’’ 

Creative work that resteth never 

That ne’er destroys, but through slow ages 

Still adding grain to grain, forever 

Eternity’s vast structure rears 

Yet from the debt on Time’s great pages 

Doth cancel minutes, days and years. 

R. C. Archibald 

CHARLES BARROIS (1851-1939) 

Foreign Honorary Member in Class II, Section I (1915) 1819 

Professor Charles Barrois, of Lille, for half a 
century eminent among the geologists of Europe, 
was one of the ablest and most illustrious investi- 
gators and teachers in the field of the earth 
sciences that France has produced. 
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Born at Lille, on April 21, 1851, into one of the 
great industrial families of northern France, 
Charles Barrois chose to use his energy and talent 
in scientific work, rather than in business. When 
twenty years of age he decided to become a 
geologist. A few years later he became assistant 
to Professor Jules Gosselet in the Department of 
Geology which had just been organized at the 
University of Lille He soon began to publish on 
a variety of geological and paleontological sub- 
jects. In one of his earlier papers, for which he 
was awarded a doctorate of science at the Sor- 
honne, he made a very useful correlation of the 
Upper Cretaceous faunal zones of England and 
Ireland with those of France which has stood the 
test of time and helped to establish his reputation 
for careful und thorough stratigraphic work. 

During his long and active life more than 150 
papers, some of them memoirs of great scientific 
value, flowed from his pen. They dealt with 
many branches of the earth sciences — inverte- 
brate and vertebrate paleontology, Cambrian to 
Quaternary stratigraphy, structural and areal 
geology, petrology, seismology, and economic 
geology. Most of them were based on studies of 
the rocks and fossils of France, but some of the 
most important of them related to the stratig- 
raphy and paleontology of Spain, and Great 
Britain Many of them were descriptions of the 
geology of areas covered by sheets of the Carte 
G&ilogique dc la France, which were prepared 
for, and published by, the Geological Survey of 
France The majority of these areas were in 
Normandy and Brittany, and some of Barrois’ 
most important contributions to science related 
to the geology and paleontology of those prov- 
inces. 

But Charles Barrois will be best remembered 
for lus studies of the coal fields of the Nord and 
of Pas-de-Calais and for the great collection of 
rocks and fossils from the Carboniferous strata 
of those regions, and of models showing the geo- 
logical structure of those beds, which he placed 
in the Mus6e Houiller of the University of Lille. 
He had been largely responsible for the establish- 
ment of this museum in 1908 In 1902 he had 
been made head of the Department of Geology of 
the University, and the museum will remain as a 
monument to the work which he did to make that 
department known throughout the world as a 


center for teaching and research on the geology 
and paleontology of coal. 

The high quality of Barrois' scientific work was 
widely recognized by his contemporaries. He 
was a Commander of the Legion of Honor, a 
member of the Academy of Sciences of Paris and 
at one time its president, a foreign member of the 
Royal Society of London and of the Royal 
Society of Edinburgh, a member of the Pontifical 
Academy, a foreign fellow of the Geological 
Society of London, a foreign correspondent of 
the Geological Society of America and a foreign 
member of societies and academies in Belgium, 
Germany and Spain 

Professor Barrois died on November fifth, 1939, 
at the age of ninety-one He is buried in Lille, 
where he labored so effectively in his chosen 
field for almost seventy years. 

B. F. Howell 

CHARLES VALUE CHAPIN (1856-1941) 

Fellow In Clue II. Section 4. 1014 

Dr. Charles Value Chapin, who was born in 
Providence, Rhode Island, on January 17, 1856, 
died at his home on Keene Street, Providence, 
on January 31, 1941, at the age of 85, having 
lieen in failing health for about two years. 

During his forty-eight years as Superintendent 
of Health in Providence, Dr. Chapin revolu- 
tionized theories of public hygiene and made 
many contributions to the field of medical 
knowledge which gained him worldwide renown. 
Dr Chapin’s theory of "the person, not the 
thing,” advanced early in his career here, com- 
batted the then generally accepted theory that 
germ# of disease were communicated from one 
person to another through the air and in various 
ways. He expressed the belief that disease was 
mostly communicated through personal contact, 
and that if a person who cared for another having 
a communicable disease were to wash his hands 
thoroughly after coming in contact with the 
patient or touching anything handled by the 
diseased person, he would run but little danger. 
When this theory was first publicly expounded 
by him it was greeted with derision. The experi- 
ment was watched with interest and proved 
entirely successful. 

Some of the accomplishments in Providence 
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during Dr. Chapin’s administration were listed 
in a survey report by the American Public 
Health Association. It was pointed out that 
Providence was the first city in the United States 
to establish, in 1888, a municipal laboratory; it 
was in Providence that, in 1893, the first experi- 
ments in filtering water by mechanical filtration 
were made; Providence was the first city to dis- 
continue, in 1905, fumigation as a form of 
terminal disinfection in the prophylaxis of con- 
tagious disease. 

Dr. Chapin’s outstanding contributions to the 
advancement of public hygiene were widely 
recognized during his long term of service as 
Superintendent of Health, and in retirement he 
was the recipient of many honors Dr Chapin 
took office when the department consisted of the 
head and one assistant, an ex-policeman. When 
he retired, he was head of a large corps of health 
workers and had supervised the building and 
development of the Providence City Hospital, 
the name of which was shortly changed to the 
Charles V. Chapin Hospital. 

In 1909, Dr. Chapin, already recognized as an 
authority on public health work, accepted an 
invitation to deliver a series of lectures in the 
Harvard Medical School, and the treatises he 
there expounded were printed for wide distribu- 
tion. For several years he also delivered an 
annual series of lectures at the Harvard-Massa- 
chusetts Institute of Technology School for 
Health Officers. In 1910 he published "Sources 
and Modes of Infection,’’ which today is used as 
a textbook in medical schools. In 1913, Dr 
Chapin undertook for the American Medical 
Association a survey of “State Sanitation” 
throughout the United States His report of 
this survey submitted to and published by the 
Association, was declared a monumental work. 
In 1917 he was appointed one of a committee of 
ten eminent health experts by the National Red 
Cross War Council to advise on war relief and 
health work in Europe. In 1935 he was officially 
lauded by the hygiene section of the League of 
Nations for “revolutionising the principles of 
disinfection following contagious diseases.” In 
1927 Yale University conferred upon Dr. Chapin 
the honorary degree of Doctor of Laws, and in 
1928, in the presence of members of the National 
Academy of Sciences in Washington, he was 


presented the Marcellus Hartley medal for emi- 
nence in the application of science to the public 
welfare. Dr. Chapin was one of eight men in the 
world upon whom this honor has ever been con- 
ferred. 

An award which was perhaps the greatest honor 
to be conferred on Dr. Chapin during his lifetime 
came to him in April, 1930, when the American 
Public Health Association presented him with 
the Sedgwick Medal, the greatest tribute within 
the gift of his contemporaries throughout all of 
North America. 

In 1935, on the 59th anniversary of his gradua- 
tion from Brown, the University conferred on 
him the Susan Colver Rosenberger Medal, the 
highest honor it can give an alumnus in recogni- 
tion of distinguished service to humanity 

In the passing of Dr. Chapin, this country has 
lost one of its greatest benefactors, and Provi- 
dence one of its most outstanding citizens What 
he taught will live as the work of the highest 
type of public servant, having the welfare of his 
fellow men his first interest 

Arthur H. Ruggles 

JAMES PYLE WICKERSHAM CRAWFORD 
(1882-1939) 

Follow In Clans IV, Section 3, 1938 

The University of Pennsylvania’s distinguished 
Hispanic scholar Professor James Pyle Wicker- 
sham Crawford, was born in Lancaster, Pa., 
February 19, 1882, died September 22, 1939 

From a serious breakdown suffered in 1931 he 
had rallied — thanks to his invincible courage and 
the devoted care of his wife — to a degree that 
enabled him to carry on a large part of his Uni- 
versity work His death occurred shortly after 
a homeward voyage from Europe at the outbreak 
of the war. 

After graduating from the University of Penn- 
sylvania at twenty, he spent two years in its 
Graduate School, guided m his chosen field of 
Spanish studies by the late eminent Professor 
Hugo Albert Rennert. Two further years he 
spent in study at the Universities of Madrid, 
Freiburg and Grenoble. On receiving the Ph.D. 
degree, he started his long and honorable career 
at his own University. 

In him were happily united the sound scholar 
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and the dynamic teacher He won the respect of 
his students for his learning and critical insight, 
their admiration for the joyous energy of his 
personality, and their gratitude for his helpful- 

To the field of Spanish drama and poetry of 
the sixteenth century he contributed these out- 
standing books - Life and Works of Cristdbal 
Sudrez de Figueroa, The Spanish Pastoral Drama, 
and Spanish Drama before Lope de Vega; all of 
these published by the University of Pennsyl- 
vania; the first also appeared in a Spanish trans- 
lation published at Valladolid. 

The list of his articles and reviews in learned 
periodicals here and abroad 13 extensive, besides 
which he prepared valuable school editions of 
various Spanish works of fiction, as well as widely- 
used school text-books of Spanish grammar and 
composition. As an editor, he was in charge of 
The Modern Language Journal from 1922 to 1926, 
and from 1933 to his death he was editor of the 
quarterly Hispanic Review, the publication of 
which by the University of Pennsylvania Press 
he had planned in 1930. The January 1940 
number of this periodical contains a complete, 
classified bibliography of Professor Crawford’s 
writings 

Besides the American Academy of Arts ami 
Sciences, Professor Crawford was a member of 
the following societies - Phi Beta Kappa, the 
American Association of Teachers of Spanish, 
the Modern language Association of America, 
the Linguistic Society of America, the American 
Philosophical Society, and the Medieval Academy 
of America, and a corresponding member of the 
Real Academia Espanola, the Hispanic Society 
of America, the Real Academia Hispano-Ameri- 
cana de Ciencias y Artes de C&diz, and the 
Academia de Bellas Artes de Valladolid 

Franklin and Marshall College conferred upon 
him the honorary degree of Doctor of Letters in 
1925. 

George Benson Weston 

WILLIAM SUDDARDS FRANKLIN 
(1863-1930) 

Fellow In Class I, Section 2, 1919 

WilliantSuddards Franklin was born at Geary 
City,*ISi^*M, October 27, 1863, son of Thomas 


Henry and Cynthia Ann (Curtis) Franklin. The 
father was born in Philadelphia to Edward 
Franklin from the east shore of Maryland and 
Mary (Franklin) Franklin from New England; 
the mother was a Missouri girl. The father, a 
graduate of Central High School in Philadelphia, 
went to Kansas m 1857 to build and operate a 
sawmill for a Philadelphia firm. There were 
five children - Edward Curtis (who became pro- 
fessor of chemistry, Leland Stanford Jr., Uni- 
versity, and member of the National Academy of 
Sciences and of this Academy), William and his 
twin sister Nellie, Joseph who died at 15, and 
Thomas Z (with Aetna Life Insurance Co., 
Hartford), a high degree of ability marked them 
all, with William probably the ablest. 

W S Franklin was graduated B S at the Uni- 
versity of Kansas in 1887 and M.S. there in 1888. 
He so early showed exceptional ability in mathe- 
matics and physics that he became an instructor 
in physics in his second undergraduate year; 
following his graduation lie served three years as 
assistant professor of physics For the year 

1890- 91 he studied at the University of Berlin 
with Helmholz, Planck and Kundt, and during 

1891- 92 was Morgan Fellow at Harvard Uni- 
versity While professor of physics and electrical 
engineering at Iowa State College 1892-97, he 
studied further at Cornell University from which 
he received the degree Sc D in 1901. He was 
professor of physics ami electrical engineering at 
Lehigh University 1897-1903 and professor of 
physics 1903-15, subsequently he was lecturer in 
physics at Columbia University (1915-17), lec- 
turer and professor of physics at Massachusetts 
Institute of Technology (1917-29), lecturer at 
Harvard (1917-25), and visiting professor at 
Rollins College from 1929 till his death 

On May 14, 1888 Franklin married Hattie Fenn 
(daughter of Franklin Stiles) Titus of Washington, 
Conn They had two sons, Curtis Titus and 
Vernon Lyman Kellogg Franklin All these 
members of his family survived him. He died in 
Wilmington, N C , on June 6, 1930, as a result of 
an automobile accident 

In addition to his life of teaching Franklin 
served engagements as consulting engineer to the 
General Electric Co and other companies, and 
was engaged at the Bureau of Standards on war 
work. He had a national reputation as an elec- 
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trical engineer and was an authority on alter- 
nating currents. He read constantly and widely 
in all brunches of physics and engineering and 
was sympathetic to the newer theories of rela- 
tivity ami of quanta which came along during his 
mnturer years Though many thought of lnm 
as only an undergraduate teacher and writer of 
text books he had a considerable record of pub- 
lished research, great originality of mind, and his 
advice was always available to and highly valued 
by graduate students and younger scientists. 
The especial force of Franklin whether as produc- 
tive physicist or engineer, as author of text books, 
or as teacher lay in his sense of reality — the world 
was vividly real to him and he wanted it to be so 
to others. 

It was probably this keen sense of reality anil 
vivid interest in persons, as well as in ideas and 
in things, which led hun to slacken his scientific 
research in favor of teaching and research in 
teaching and further led led him to find an avoca- 
tion in child welfare and in the development of 
outdoor reereationul facilities for the young. 
One who had so keenly enjoyed the fishing, swim- 
ming, tramping in Western plain ami mountain 
wished to see that so much as might should be 
provided for those who spent their youth m 
spaces less open It was in connection with 
these interests that he wrote “Bill’s School and 
Mine” and “Tramp Trips through the Rockies,” 
and probably no scientific honor that could have 
come to him would have so touched him as did 
Bethlehem’s action in naming Franklin Park m 
his honor. 

Franklin was fellow of the American Associa- 
tion for the Advancement of Science (former vice- 
president and chairman of the section of physics), 
member of the American Institute of Electrical 
Engineers, American Physical Society, Kansas 
Academy of Sciences (honorary), Iowa Academy 
of Sciences (former president), Phi Beta Kappa, 
Sigma Xi, Tau Beta Pi and Phi Delta Theta He 
received (posthumously) the first award by the 
American Association of Physics Teachers of its 
medal in recognition of preeminent contributions 
to the teaching of physics. He was elected 
Fellow of this Academy in 1919, member of the 
Council 1921-25, Chairman of the publication 
Committee and Editor, 1925-39. The generosity 
with which he gave his time to the Academy as 


an officer and the liveliness of his discussion of 
papers presented at the meetings merit especial 
mention here. He was always and in every 
capacity so thoroughly generous, alive and vivid! 

A bibliography, undoubtedly incomplete 
though compiled from many sources, is appended. 

Edwin B. Wilson 


List of Scientific Paters 

Our Notes on the Teaching of Physics (with B 
MacNutt) Proc Soc Prom Eng Ed , £0, p 76 and 

89 (1912) 

Notes on the Electric Field Distribution Jour. 
Franklin Inst , p 61 (1913). 

Home Phenomena of Fluid Motion — The Curved 
Flight of a Baseball Jour Franklin lust , p 23 (1914) 
The Conseivation of Energy (with B MacNutt). 
Bull Soc Prom Eng Ed , 6, p 165 (1915) 

The Second Law of Thermodynamics (with B 
MacNutt) Bull Soc Prom Eng Ed , 6, p 168(1915) 
A Method for Calculating that Pait of the Recoil 
Momentum of a Gun Which Is Due to the Action of the 
Gases After the Projectile Leaves the Muzzle Jour 
Franklin Inst , p 559 (1915) 

Some Simple Demonstration Experiments in tho 
Elementary Presentation of the Theory of Elasticity 
(with B MacNutt) Bull Soc Prom. Eng Ed , 7, p. 

90 (1916) 

Some Mechanical Analogues in Elasticity and Mag- 
netism Gen Elec Rev , 8 pp (1916) 

Education After War Science (1916) 

A Much Needed Change of Emphasis m Meteoro- 
logical Research Mon Weather Rev , U. S D A., 
46, p 449 (1918) 

A New Design of Swimming Pool Am Physical Ed. 
Rev (1918) 

Engineers System of Mechanical Units Bull Soc. 
Prom Eng Ed (1918) 

Can Technical Education Bo Ameliorated? School 
and Society (1919) 

Directional Instruments Report No 128, Nat 
Adv Comm Aeronautics. 

The Swimming Pool from the Engineering Point of 
View Tech Eng News (1924) 

The Quantum Puzzle and Time Science (1924) 
The Electric Doubler School Science and Math , 
9 6 (1926) 

A Survey of Physics Science (1925) 

Operative vs Abstract Philosophy m Physics. 
Science (1926). 

The Significance and Scope of the Idea of Frequency 
in Physics. Science (1927) 

A Rational Proposal for the Control of a Hurricane 
Science (1928). 

The Objectives of Undergraduate Courses in Physics 
for Engineering Students Science (1929) 

On the Destruction of the Passivity of Iron m Nitric 
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Acid by Magnetization (with E L. Nichols) Am. 
Jour. Sci , 84 , p 419 (1887). 

The Electro-motive Force of Magnetization (with 
E L Nichols). Am Jour Sci , SB, p. 290 (1888). 

An Experiment Bearing on the Question of the 
Direction and Velocity of the Electric Current (with 
E L Nichols) Am Jour Sci., 37, p 103 (1889) 
Method for Determining Focal Lengths. Phys. 
Rev 1, 1, p 142 (1894) 

On the Condition of the Ether Surrounding a Moving 
Body (with E L Nichols) Phys Rev,, 1, 1, p. 420 
(1894) 

Three Problems in Forced Vibration. Phys Rev , 
1, 1, p. 442 (1894) 

A New Method of Testing the Magnetic Properties 
of Iron Phys. Rev , 1, S, p 466 (1894). 

A Phenomenon of Sound. Phys Rev., 1, £, p. 469 
(1894). 

A New Electrolytic Generator for Oxygen and Hy- 
drogen. Phys Rev, 1,4, P 61 (1896). 

The Mechanical Conception of Electricity and Mag- 
netism Phys Rev , 1, 4 P 388 (1896) 

The Slide Modulus of Glass and the Shortening of 
Glass Fibers with Age. Phys Rev , 1, 4, P 498 (1896) 
The Normal Curve of Magnetization of Iron Phys 
Rev., 1, 8, p. 304 (1899). 

Lecture-room Methods in Elementary Elasticity 
Phys. Rev , 1, 9, p 75 (1900) 

Stresses and Strain in a Long, Elastic Hollow 
Cylinder Phys. Rev , 1, 9, p 170 (1900). 

Poynting’s Theorem and the Distribution of Electric 
Field Phys Rev , 1, IS, p 185 (1901). 

Some Diffraction Photographs Phys. Rev , 1, 14, 
p 61 (1902) 

Equation of Dccuying Sound in a Room and Defini- 
tion of Open Window Equivalent of Absorbing Power 
Phys Rev , 1, 18, p. 372 (1903) 

Measurement of Electrolytic Resistance (with L A 
Frcudcnberger) Phys Rev , 1, £7, p 294 (1907). 

A New Type of A C Galvanometer Phys Rev , 
1, £4, P 37 (1907) 

Note on Spherical Aberration. Phys. Rev., 1, 38, 
p. 221 (1909). 

On Entropy Phys Rev , 1, SO, p 766 (1910). 

Books 

Ntcholt and Franklin — Mechanics and Heat, 1896, 
Electricity and Magnetism, 1896, Light and Sound, 
1897 

Franklin and Wilhameon — Alternating Currents, 1899. 
Franklin and Eety — Electrical Engineering, Vol I, 
1906, Electrical Engineering, Vol. II, 1907; Dynamos 
and Motors, 1909, Dynamo Laboratory Manual, 
1907 

Franklin and MacN utt — Electricity and Magnetism, 
1908, Light and Sound, 1909, Mechanics and Heat, 
1910, Elementary Electricity & Magnetism, 1014, 
Advanced Electricity and Magnetism, 1915, General 
Physics, 1916; Calendar of Leading Experiments, 
1918, Lessons itf'Mechamcs, 1919, Lessons in Elec- 


tricity and Magnetism, 1919; Lessons in Heat, 1920; 
Mechanics, 1923; Heat, 1923. 

Franklin, MacNutt and Char lee — Calculus, 1913. 
Franklin, Crawford and MacNutt — Practical Physics, 
Vol I, 1907, Practical Physics, Vol. II, 1907; 
Practical Physics, Vol. Ill, 1907. 

Franklin and Terman — Transmission Line Theory, 
1926 

Franklin and Dawes — Electrical Engineering, 1929. 
Franklin and Elite — Engineering Mechanics, 1929. 
Franklin and Oranlham — General Physics, 1930. 
Franklin — Electric Waves, 1909, Electrical Engi- 
neering, Vol I, 1907, Electrical Engineering, Vol 
II, 1912, Elements of Electrical Engineering, 1917, 
An Elementary Treatise on Precision of Measure- 
ment and Laboratory Exercises in Mechanics and 
Optics, 1922, Bill’s School and Mine, 1917; Tramp 
Tnp m the Rockies 

LOUIS JOHN GILLESPIE 
(1886-1941) 

Fellow in Class I. Section 3. 1828 

Louis John Gillespie* was distinguished for the 
great variety of fields in which he was interested 
and in which he made valuable contributions, and 
for the breadth of vision he derived from his 
diverse interests. He was born at Hillsboro 
Bridge, New Hampshire, on June 10, 1886, the 
son of John Joseph and Luella (Walker) Gillespie. 

In 1911 he married Elsie Vaughn Jenney. 
She and their two children, Louis J. Gillespie and 
Marguerite Gillespie Greenlie, survive him. 

He received his education in the schools of 
Manchester, New Hampshire, and at Brown 
University, where he specialized in physics and 
chemistry as an undergraduate, and in biology 
as a graduate student. He received the Ph.B. 
degree from Brown in 1908 and the M A. and 
Ph.D. degrees in 1911. During part of his 
graduate course he was Assistant to Professor 
Barus in the Physics Department. 

From 1911 to 1913 he held a Fellowship in 
Biology in the Hospital of the Rockefeller Insti- 
tute for Medical Research. In 1913 he became 
Bacteriologist with the New York City Board of 
Health, and subsequently Scientist in the Bureau 
of Soils of the United States Department of 
Agriculture in Washington. In 1915 he became 
Biochemist in the Bureau of Plant Industry of 
that Department. He was Professor of Physical 

* See the sketch by J. A. Beattie, Nucleus, 18, 205 
(1941). 
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Chemistry at Syracuse University during 1919 
and 1920. In 1920 he came to the Massachusetts 
Institute of Technology as Assistant Professor 
of Physico-Chemical Research. He advanced to 
Associate Professor in 1926 and to Professor in 
1931. 

He was born with a keen ear, absolute pitch, 
facility with musical instruments and a great 
love for music. As a boy he learned to play the 
violin, piano, trumpet and trombone, and he 
earned most of his college expenses by the use of 
his musical ability. Although he never played 
professionally after graduation, he was actively 
interested in music all his life. He learned to 
play the cello and the viola, and for a short time 
he played the cello in one orchestra, the viola in 
another, and the trombone in a third. He com- 
posed a score of short piano pieces, two string 
quartets and a symphony. He was also greatly 
interested in the physics of music, especially as it 
related to the tone color and quality of musical 
instruments, and to those musical intervals 
which give esthetic satisfaction. 

His first publications, from Brown University, 
dealt with the application of precise physico- 
chemical measurements to biological problems. 
At the Rockefeller Institute he shared in the 
pioneer work of characterizing the different types 
of pneumococci At the Department of Agricul- 
ture he returned to the application of physico- 
chemical technique and reasoning to biology in 
the development of methods for measuring 
hydrogen-ion potentials and reducing potentials, 
particularly in soils. He pioneered in educating 
the biological and agricultural chemists to dis- 
tinguish between these two potentials, and 
between them and the quantities of acid and 
reducing agents. 

At the Massachusetts Institute of Technology 
his biological interests were continued in a course 
in physical chemistry for students of biology and 
in the text book "Physical Chemistry,” which he 
wrote for it. He also developed a graduate course 
in thermodynamics, which was largely an exposi- 
tion of Gibbs’ original papers. His research was 
mostly in thermodynamics, including studies of 
calorimetry, solid-gas equilibria, and the effect 
of pressure on chemical equilibria in non-ideal 
gases. His research, like his music, was strongly 
individualistic. Neither the problem chosen nor 
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the methods of attack followed the fashion, but 
both reflected the breadth of his vision. His 
studies of thermal diffusion were very timely on 
account of the widespread interest in the separa- 
tion of isotopes by this method. Yet his own 
chief interest was in solving the difficulties which 
he had brought to light before the subject became 
popular, his approach was unusual, and his 
publication was unhurried. His researches are 
published in more than fifty scientific articles. 

Important as were the direct results of these 
varied activities, the effect on his own develop- 
ment was perhaps fully as important. He was a 
teacher and a guide whose broad knowledge, 
wide perspective and keen judgment were always 
at the service of his students and colleagues. 
He contributed much by doing, even more by 
being. 

George Scatchard 

WILLIAM ARTHUR HEIDEL 
(1868-1941) 

Fellow In Class IV, Section 1, 1910 

William Arthur Heidel was born in Burlington, 
Iowa, in 1868, and died in Middletown, Connecti- 
cut on January 15, 1941, in his seventy-third 
year. A graduate of Central Wesleyan College 
he proceeded for graduate instruction in the 
classics to the university of Berlin Here he was 
fortunate enough to receive the personal instruc- 
tion and friendship of Professors Zeller and Diels 
who inspired him to undertake for his life work 
the study of ancient Greek philosophy After a 
two-year sojourn abroad, he returned to this 
country to complete his work for the doctorate 
at the University of Chicago, then still a very 
young university, under the guidance of Professor 
Shorey. It was here also that his long friendship 
with Professor John Dewey began One of the 
earliest philosophical books, in part written and 
wholly edited, by John Dewey, Studies m Logical 
Theory, contains an article by Professor Heidel 
on The Logic of the Pre-Soeratic Philosophy. 
While it was difficult for Professor Heidel to 
choose between a promising career in philosophy 
or in the classics — Professors Shorey and Dewey 
simultaneously offered him teaching posts at 
Chicago — he finally determined to devote himself 
to classical studies, but with particular reference 
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to pre-Socratic philosophy and science It was 
in this field that he was to win singular distinction 
at home and abroad 

His first teaching appointments were in the 
Middle West; but from 190.1 on he became 
professor of Greek at Wesleyan University in 
Middletown, Connecticut, where he continued 
to teach until 1928, when he was appointed a 
Research Associate of the American Council of 
learned Societies to carry on his work on the 
History of Greek Thought In 1938 he became 
Research Associate Emeritus. 

Professor Heidel’s carefulness in scholarship 
and lus hostility to dogmatism kept him from 
hasty publication, but steadily important studies 
emerged from his pen that had been sometimes 
twenty years in the maturing Some of the more 
important of these studies like his Oepl cjiuagw?, 
A Study of the Conception of Nature Among the 
Pre-Socratics and his Ilecataeus and the Egyptian 
Priests in the IFerodotus, Book II, as well as inan.v 
other smaller studies appeared either m the 
Proceedings or the Memoirs of the American 
Academy of Arts and Sciences His scholarship 
was as carefully etched as was his miniature 
handwriting his friends came to know 

While he always stressed how meager was the 
evidence for much we should like to know m early 
Greek thought, his enthusiasm for new clues and 
new modes of approach always enrried him for- 
ward In later jears it was the scientific theory 
and practice of the ancient Greeks, particularly 
of the followers of Hippocrates, that engrossed 
his attention It is to be hoped that some of the 
important material he was working on when 
death overtook linn can be published post- 
humously 

With all of Professor Heidel’s great learning he 
was not a recluse the life of the nation and of the 
world concerned him greatly. The range and 
accuracy of his knowledge on many subjects un- 
related to the academic life never failed to sur- 
prise his friends In late years his keen sense of 
justice and his great capacity for sympathy were 
often strained when he would hear, sometimes 
directly, of another great injustice done to a dis- 
tinguished scholar abroad. While Professor 
Heidel’s scholariy work was set in ancient Greece, 
truly his eyj» surveyed the world 

Cornelius Krus£ 


WILLIAM CASPAR GRAUSTEIN 
(1888-1941) 

Fellow in Clan I, Section 1. 1024 

William Caspar Graustein was born in Cam- 
bridge, Mass , November 15, 1888 He graduated 
from Harvard, Magna cum laude, in 1910. He 
spent the next year in the same place doing 
graduate work in mathematics, his main interest 
then, as ever afterwards, was in the field of 
geometry For this reason it was entirely natural 
that he should spend the next two years in Bonn 
working with that distinguished, but highly 
individualistic geometer, Eduard Study This 
was the beginning of an intimate personal and 
intellectual intimacy which lasted many years, 
and had a most profound effect on Graustein’s 
whole scientific career. 

He took the doctor's degree, Summa cum 
laude, m Bonn in 1913 and returned to Harvard 
for a year as instructor in mathematics He was 
then promoted to an assistant professorship in 
the newly formed Rice Institute in Houston, 
Texas Here hs joined Ins Cambridge friend, 
Griffith Conrad Evans in building up, with the 
warm approval of President Edgar Odell Lovett, 
the most advanced mathematical centre south of 
Mason and Dixon’s line This lasted until the 
war 

He returned to Harvard in the autumn of 1919 
to help in the congenial task of rehabilitating the 
Division of Mathematics, which in one year had 
lost three of its most valuable members through 
death and transfer He worked mightily at this 
task till the day of his death, climbing steadily 
to the top of the academic ladder. He was 
chairman of the Division from 1932 to 1937, and 
Assistant Dean of the Faculty of Arts and 
Sciences from 1939 to 1941. But he served 
mathematics outside his own university as well. 
He was for many years one of the leading editors 
of the Transactions of the American Mathemati- 
cal Society, and chairman of a very busy com- 
mittee organizing a proposed International Math- 
ematical Congress to be held in Cambridge in 
1940. He was killed in a motor accident January 
22, 1941. 

Graustein’s approach to mathematics was 
essentially the artistic one. He was never at- 
tracted to a new theory merely because it was 



BIOGRAPHICAL NOTICES 


107 


novel or bizarre. Neither did he take pleasure 
in extended mathematical elaborations the only 
apparent object of which is to show the writer’s 
virtuosity. His object was to reach some definite 
mathematical truth by the most attractive road, 
and to state it as generally and as accurately as 
possible. His doctoral thesis dealt with a method 
of representing all points, real or complex, of a 
space curve, by two real surfaces of special type 
in a definite relation to one another In subse- 
quent years he published other papers on com- 
plex geometry, but the method of representation 
suggested to him more general problems con- 
nected with mapping of one surface on another 
especially when the tangent planes at correspond- 
ing points are parallel The introduction of the 
absolute differential geometry, and tensor nota- 
tion had a curious effect on him. He clearly saw 
the great increase m generality that came in this 
way, and he mastered the new technique. But 
he also was led to perceive resources in the older 
geometry that had been somewhat neglected 
before In particular he stressed the advantages 
of so called invariant methods which are inde- 
pendent of the more or less fortuitous choice of 
parameter systems for determining elements 
His paper, “M&hodes mvariantes dans la g€o- 
m&ric infinit&imale des surfaces,” was awarded 
a prize by the Belgian Academy of Sciences m 
1929; an elaboration in English was delivered, 
by request, before the American Mathematical 
Society a year later and was published in their 
Bulletin in August 1930 The totality of his 
scientific papers, mostly in the field of differential 
geometry, amounts to some three dozen titles. 

The quality which makes Graustein’s papers 
excellent reading was manifest in his teaching, 
for he was a most admirable teacher, clear, pains- 
taking and stimulating. He published three 
timely geometrical text-books, “Plane and Solid 
Analytic Geometry,” with W. F Osgood, 1921, 
“Introduction to Higher Geometry,” 1930, “Diff- 
erential Geometry,” 1935. But no printed page 
could convey the real quality of the teacher or 
the man. 

Julian L. Coolidge 
SAMUEL HENSHAW (1852-1941) 

Fellow in Class II, Section 3, 1889 

Samuel Henshaw was born m Boston, January 


29, 1852, and died in Cambridge, February 5, 
1941 Of an old Boston family he was the son 
of Joseph Lyman Henshaw and Jane Paine Hen- 
shaw He had a sister, Elizabeth Lyman Hen- 
shaw, who died October 24, 1926, and a brother, 
Joseph Putnam Bradlee Henshaw, who died 
October 11, 1930. Samuel Henshaw married 
Miss Annie Stanwood, April 28, 1886. She died 
March 12, 1900 Her death was a desperate 
blow that radically changed all his subsequent life 

Henshaw went to the Chauncy Hall School, 
and the Boston Latin School. He did not go to 
college, but received an Honorary A M from 
Harvard in 1903. 

Henshaw was short in stature; but very strong. 
He had wonderful eyesight so that he could read 
the finest print and he never wore glasses, even 
in his old age He had a very keen and critical 
mind in affairs and in his relations with men. 
Tins gave his judgment great weight with his 
associates. The keynotes of his character were 
lus sensitiveness, his sense of fun, his personal 
integrity and his devotion to his work and his 
friends. 

Primarily an entomologist, he had wide knowl- 
edge in other groups of animals, and his knowledge 
of scientific literature was both very great and 
very accurate This helped him greatly in his 
editorial work which was very extensive through- 
out his active years. He was gifted with a 
singleness of purpose and an intense application 
to work that is rarely equalled. 

All his life interested in natural history, he 
Itceame a member of the Boston Society of 
Natural History in 1871 In 1876, I first find 
record of his working on the collection of insects 
in the Society. From that time on, until 1891, 
Henshaw was working at the Boston Society as 
assistant to Professor Alpheus Hyatt. While 
insects were his primary interest, he worked on 
various groups of invertebrates and vertebrates 
as well, and assisted Professor Hyatt greatly in 
preparing material for his courses in the Teacher’s 
School of Science, a department of the Lowell 
Institute 

In 1892, Henshaw became Secretary and 
Librarian of the Boston Society of Natural 
History, which position he held until 1901, when 
he was succeeded by C. F. Batchelder, and a year 
later by Glover M Allen. 
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In 1891-1898, Henshaw was part-time assistant 
in entomology at the Museum of Comparative 
Zo8logy, succeeding Dr. H. A. Hagen, who had 
retired on account of illness From 1898-1903, 
he was assistant in entomology and librarian of 
thp Museum of Comparative Zoology From 
1903-1911, he was Curator of that Museum, when 
Ins title was changed to Director, and this posi- 
tion he held until November, 1927, when he was 
succeeded by Dr. Thomas Barbour From 1927, 
his title has been Director of the University 
Museums and of the Museum of Comparative 
Zoology, Emeritus 

Henshaw was a Fellow of the American 
Academy of Arts and Sciences, member of the 
American Society of Naturalists, and American 
Society of Zoologists. He was one of the founders 
of the Cambridge Entomological Club, which 
started publishing Psyche in 1874, and for a time 
he edited that Journal, 

While Secretary of the Boston Society of 
Natural History, he edited their publications and 
during at least a large part of his connection 
with the Museum of Comparative Zoology, he 
edited the publications of that institution As an 
editor, he was most painstaking, careful and 
exact. 

When I first knew Henshaw, he lived in 
Mercer Circle, Cambridge, and later I became Ins 
opposite neighbor in Fayerweathcr Street He 
was essentially a gentleman of the old school, 
with all the refinement and courtesy that that 
term implies This in spite of a “crust” that often 
bid his finer feelings. These finer feelings were 
expressed in Ins devotion to his close friends, 
especially Dr. H. A Hagen, Mr Samuel H 
Scudder, and Dr. Henry P Walcott, notably in 
the years of their invalidism Among others to 
whom he gave his great loyalty and devoted 
interest were Professor Alphaeus Hyatt, Dr. 
George L. Goodale, Walter Faxon, and Mr. 
Alexander Agassiz He frequently visited Dr 
Goodale and after the latter’s death he sent to his 
widow lilies of the valley every Christmas as long 
as she lived. His sympathy went out especially 
to children, whom he dearly loved and he entered 
into their joys with a spirit of comradeship that 
won their deep love and admiration. He planned 
with children trips to the circus, or a sleigh ride, 
or to the theatre, when he was the life of the 


party. He was very fond of animals as pets, 
especially dogs, and anyone who would abuse a 
dog roused his wrath. Personally very generous, 
he hated all meanness, sham, or hypocrisy with 
a violent detestation. 

During his later years, when crippled by 
arthritis and much of a recluse, his close friends, 
Dr Alfred M Tozzer of the Peabody Museum, 
and Miss Gertrude A. Thurston, his former 
secretary at the Museum, gave him most devoted 
care 

Henshaw did not publish extensively and his 
principal publications were on insects. Dr. P ,J. 
Darlington, Jr of the Museum of Comparative 
Zoology kindly gave me a very complete list of 
his publications 1885, List of the Coleoptera of 
America North of Mexico, Am Entomological 
Soc , 161 pp , of which he published supplements 
in 1887, 1889 and 1895 He also published, 
1889-1896, Bibliography of the more important 
contributions to American economic entomology 
in five parts, over 700 pages, Washington, U. S 
Dept of Agriculture, Division of Entomology, 
and in 1898, The entomological writings of 
George Henry Horn, Trans. Am Entomological 
Soc , vol. 25 pp., XXV-LXXII. Besides these, 
he published some thirty other papers, mainly 
on insects, also obituary notices of his close 
friends, Dr. H A. Hagen, Prof. Alpheus Hyatt, 
Roland Hayward and Walter Faxon, and as well 
his annual reports in the Museum of Comparative 
Zoology. 

Besides his natural history work, Henshaw was 
essentially a bibliophile and did an immense 
amount in building up to completeness the libra- 
ries with which he was connected. In addition, 
lie had been acquiring for long years a very 
extensive collection of Gilbert White's Natural 
History of Selborne. Many years ago he told me 
that he had over 100 editions of that work. 
Mr. Thomas Franklin Currier of the Widener 
Library at Harvard writes me: “I feel certain that 
nowhere else is there gathered together so com- 
plete and comprehensive a collection of materials 
relating to the author of the Natural History of 
Selborne, embracing not only books and pam- 
phlets, but manuscripts, prints, photographs . . . 
and Henshaw did not stop with mere collecting; 
he knew the inside of his books . . . A fairly com- 
plete scientific bibliography of White could 
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probably be made without going out of the Hen- 
shaw collection.” This great White collection, 
with his other books and manuscripts, Henshaw 
in his will left to the Bodleian Library at Oxford, 
with the feeling that as an English work it most 
properly belonged there. 

Robert T Jackson 

FREDERICK LAWTON 
(1852-1941) 

FeUow In Claw III, Section 1, 1921 

Frederick Lawton, lawyer and judge, was born 
at Lowell, May 10, 1852, the son of James and 
Sarah (Priest) Lawton. He received his early 
education in the public schools of Lowell and 
graduated with the degree of A B. from Harvard 
University in the class of 1874. Then followed a 
period of teaching, first at Chicopee, Mass, and 
later for three years as principal of the Brookline 
High School. He studied law in Lowell in the 
office of Charles F. Howe, Esq. and was admitted 
to the bar of Massachusetts in 1880. He then 
engaged in general practice in Lowell in associa- 
tion with his brother George F Lawton, who 
was later for many years Judge of Probate for 
Middlesex County. 

In the same year in which he began the practice 
of his profession Frederick Lawton married 
Helen Mack of Lowell, the daughter of a well- 
known business man and former mayor of that 
city There are two sons of this marriage, 
Richard M. Lawton and John S. Lawton. The 
marriage was a preeminently happy one. Mrs 
Lawton was a woman of high intellectual attain- 
ments. The Lawton home, first in Lowell, and 
later in Boston, to which city the family moved in 
1908, became and continued for nearly forty years 
to be a center of attraction for many persons of 
culture and learning. Mr. Lawton in close collab- 
oration with his wife developed wide interests in 
many fields of reading and study far remote from 
the confines of his profession. These were pur- 
sued continuously and systematically and were 
supplemented by frequent trips to Europe for 
which careful preparation was made by the study 
of the history and language of the countries to 
be visited. 

Mr. Lawton’s activities included three years in 
the State Senate as the representative of his 


Lowell district, beginning in 1893 He was a 
trustee of the Lowell Textile School and of Rogers 
Hall School in Lowell. He was interested in the 
Mechanics Association there He was a member 
of the Harvard Club, of the Union Club, and of 
the St. Botolph Club m Boston 

In 1900 Governor Crane appointed him an 
Associate Justice of the Superior Court of Massa- 
chusetts. Upon his twenty-six years of service 
to the State in this high office rests his principal 
claim to public remembrance and gratitude. To 
the essential virtues of impartiality and unques- 
tionable integrity Judge Lawton added the 
equally important virtue of unfailing devotion to 
duty. He was dignified in manner, rapid in the 
dispatch of business, quick and decisive in his 
rulings, and diligent and prompt in disposing of 
reserved cases His charges to juries were 
clearly expressed and carefully adapted to the 
requirements of each case. Although he per- 
formed continuously for many years the arduous 
labor of hearing litigated cases he never fell a 
victim to the mental weariness and flagging of 
interest which after a time has lessened the use- 
fulness of many capable judges The strong 
sense of humor which made him an exquisite 
raconteur among his guests at home came to his 
aid on the bench and kept keen and active his 
interest in the b um an drama which was con- 
stantly unfolded in his court room. The begin- 
ning of each new day found him fresh and eager 
for whatever task it might bring. Another helpful 
characteristic was his liberal attitude of tolerance 
of the opinions of others which made him ready 
to listen to all arguments, even though he might 
be inclined to disagree with them, and to consider 
cases from all possible points of view. 

It would be impossible to do more than to 
summarize in general terms Judge Lawton’s 
work upon the great trial court of his native 
state. That court was one of general jurisdiction 
of actions at law, suits in equity and criminal 
prosecutions. Its work was growing rapidly 
during the period of his service upon it. When 
he took office there were eighteen justices. 
When he retired the number had increased to 
thirty-two. He carried at all times his full share 
of the burden. He sat as occasion required in all 
parts of the Commonwealth. He was every- 
where a favorite with the clerks and officers who 
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served under him in his sessions. He was uni* 
versally respected and trusted by the bar. He 
tried cases of all kinds from those involving 
ordinary commercial transactions and money 
interests to those involving divorce, contested 
wills, and murder. He tried both jury cases and 
cases without juries in which he determined both 
the facts and the law. The number of cases he 
heard would be counted in the thousands His 
reputation grew steadily with the advance of 
years and accumulation of experience. 

The death of Mrs Lawton in 1919 was a great 
blow to Judge Lawton Nevertheless he con- 
tinued his work with unabated zeal, and his 
friends continued to find a cordial welcome and 
good company at his Boston apartment Not 
only did his children keep in close touch with 
him at all times, but in addition a peculiarly 
intimate and comprehending relationship grew 
up between the judge and his grandchildren 
and their young friends who frequently visited 
him 

In 1926, at the age of seventy-four, he retired 
from the court while still in apparent good 
health. In 1930 he was again called to public 
service to succeed Judge Fessenden as the repre- 
sentative of the Superior Court on the Judicial 
Council, a perinunent board established by law 
for the investigation of the judicial system and 
the recommendation of improvements in the 
administration of justice For five years he 
regularly attended the meetings of the Council 
Although it might, perhaps, have been expected 
that Judge I-awton would incline somewhat 
towards the conservative side on questions of 
change, it is said on good authority that he took 
a generally progressive position and that he was 
ready to throw his weight on the side of change 
whenever it seemed likely that good could be 
accomplished. 

At length advancing years took their inevitable 
toll in declining strength After a long illness 
Judge Lawton died at his Boston apartment on 
March 30, 1941 If he had lived a few weeks 
longer he would have been eighty-nine years of 
age He will be remembered and honored chiefly 
for his long, faithful, and able service as a justice 
of the Superior Court, but by the survivors of 
those who were fortunate enough to lie admitted 
to the inner circle of his home he will be remem- 


bered more intimately as a gracious host and a 
charming gentleman. 

Stanley E. Qua 

HERBERT VINCENT NEAL 
(1869-1940) 

Fellow In Class IT, Section 3, 1914 

Herbert Vincent Neal, biologist and teacher, 
was born at Lewiston, Maine, on April 3, 1869. 
On February 21, 1940, he met accidental death 
on a Texas highway while driving from Mexico 
City to California He is survived by his wife, 
Helen Phillips Howell of Southold, New York, to 
whom he was married on June 8, 1899, and by 
three children, Margaret and Helen (twins, born 
February 26, 1901) and John Howell (born July 
13, 1906). 

He received his bachelor’s degree (A B ) at 
Bates College in 1890 and during the next two 
years served as instructor in history and Latin 
at St. Paul’s School, Garden City, New York. 
In 1892 he entered Harvard University as a 
graduate student in biology His chief work was 
done in association with Professor Edward L. 
Mark It resulted in a doctorate thesis (1896) 
entitled "The Segmentation of the Nervous 
System in Squalus acanthias. a Contribution to 
the Morphology of the Vertebrate Head,” pub- 
lished in the Bulletin of the Museum of Compara- 
tive Zoology at Harvard College, volume 31, 
1898 From Harvard University he received the 
following degrees. Bachelor of Arts in 1893, 
Master of Arts in 1894 and Doctor of Philosophy 
(in Zoology) in 1896 

After his four years at Harvard he spent a year 
(1896-97) in Europe continuing work on his 
doctorate problem, mainly at Munich in the 
laboratory of C von Kupffer, an authority on the 
development of the head of vertebrates. 

At the end of his year abroad, Neal returned 
to become Professor of Biology at Knox College, 
Galesburg, Illinois Occupying this position for 
sixteen years, he became known as an unusually 
effective teacher and as a competent and con- 
structive biologist. In 1913 he succeeded the 
late John Sterling Kingsley at Tufts College and 
served there as Professor of Zoology until his 
retirement in June, 1939. From 1924 to 1935 he 
also acted as Dean of the Graduate School. 
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He was Curator of the Barnum Museum of 
Tufts College. In 1931 the honorary degree of 
Doctor of Science was conferred upon him by 
Bates College 

Dr. Neal was actively associated with biological 
laboratories on the coast of Maine He became 
assistant Director of the Harpswell Laboratory 
in 1908 and served as Director from 1913 to 1917. 
He became a trustee of the Mount Desert Island 
Biological Laboratory in 1921 and was Director 
from 1926 to 1932. His enthusiastic interest 
gained for these institutions much material 
assistance and helpful support Also he was a 
member of the Corporation of the Marine 
Biological Laboratory at Woods Hole and of the 
Corporation of the Bermuda Biological Station 
for Research. He was a trustee of Bradford 
Junior College and of Bates College. 

Neal’s early scholarship is attested by his 
membership in Phi Beta Kappa and Sigma Xi 
loiter he acquired membership in the following 
societies' American Association for the Advance- 
ment of Science (Secretary of Section F, 1913-20), 
American Academy of Arts and Sciences, Ameri- 
can Society of Naturalists, American Society of 
Zoologists (Secretary-Treasurer of Central Branch 
1910-11, President of Society, 1930), Association 
of American Anatomists, Boston Society of 
Natural History, The Illinois Academy, The 
Russian National Academy of Science (Corre- 
sponding Member). As a Fellow of The American 
Academy of Arts and Sciences, he rendered im- 
portant service for four and a half years (1929-34) 
as Editor and Chairman of the Committee of 
Publication of the Academy. 

Some men are born teachers, others have 
teaching thrust upon them. It was Neal’s 
genetic good fortune to possess those inherent 
peculiarities, intellectual and emotional, which 
enable one human mind to reflect truth into 
others The brightness and clarity of his mind, 
its ability to discriminate between the vitally 
relevant and the unimportant, its keen apprecia- 
tion of all that is implied by the complexity, 
inter-relation, continuity and, progressive develop- 
ment in the living world made this reflection far 
more than a literal delineation of tangled reality. 
His mind focused deeply into that reality and 
projected a picture of an organic world whose 
overwhelming diversity and complexity were 


even exceeded by its evidences of order, har- 
monious adaptation, integration of smaller into 
greater living units, and something which has at 
least the external appearance of a persisting 
purpose. In all of his teaching the deductions 
from biology were brought to focus on the prob- 
lems of the origin, nature and destiny of the 
human organism. His better students derived 
from lasting inspiration. Those who were in- 
capable of seeing all that he put before them at 
least knew that there was something there and 
they admired and respected him. Although often 
heavily burdened with teaching responsibilities, 
he always gave to his students ungrudgingly of 
his time and energies. He could have done many 
other things but he always put the teaching first 
because he loved the doing of it and because he 
was deeply interested in the human beings who 
were his students. Many of them are now en- 
gaged in medical or other scientific work 
Neal’s contribution to the science of biology is 
not to be measured by the number of titles of his 
published work The list is not long Its titles 
indicate his persisting interest in the subject 
which first attracted him — the perplexing prob- 
lems presented by the segmental structure and 
arrangement of nervous and other organs in the 
head of vertebrates His earlier papers consti- 
tute a substantial addition to our knowledge of 
the embryological facts and offer much toward 
the interpretation of them Later papers deal 
with the embryonic origin of nervous elements. 
But it was in the direct impact of his forceful 
personality and invigorating teaching upon a 
continuous procession of students over a period of 
nearly a half century that he did his most im- 
portant service to science 
Much of his time in the last few years of his 
life was given to the writing of books designed to 
serve as texts of somewhat advanced nature — a 
“Comparative Anatomy” (of vertebrates, 1936) 
and a “Chordate Anatomy” (1939), both with 
some collaboration from H W. Rand of Harvard 
University. At the time of his death he had in 
nearly completely form the manuscript for a book 
which was intended to express his views concern- 
ing the biological origin and nature of man and 
which, it is to be hoped, will tell us much more 
than is widely known of the author’s fine philoso- 
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phy of life. It is much to be desired that this 
manuscript should find early publication. 

Neal’s dominating concern with problems of 
human biology made it inevitable that his zoolog- 
ical interest should have centered on the verte- 
brate animals. It was highly appropriate, there- 
fore, that in his position at Tufts College he 
should have succeeded John Sterling Kingsley, 
eminent for his work in the field of vertebrate 
comparative anatomy. To Kingsley’s extensive 
knowledge and constructive research in anatomy, 
Neal added interpretation and philosophical 
insight. 

From his student days onward it was evident 
that the detailed facts of biological structure 
and function were of interest to Neal chiefly as 
data which might yield some satisfaction to the 
common craving for an “explanation” or “inter- 
pretation” of “life” or might give us an answer to 
our query as to the “meaning” of life — if, indeed, 
it has any meaning In 1934 he published a 
small book (87 pages) entitled “Vitalism and 
Mechanism — a Discussion ” It consisted merely 
of letters exchanged, over a period of many years, 
between him and James F. Porter, a friend from 
graduate-student days. Porter, a business man 
of sensitive and artistic temperament and 
scientific interests, argues for mechanism. Neal’s 
letters express vigorously his dissatisfaction with 
mechanism and his conviction that “by no hocus- 
pocus can mind be conjured out of matter.” 

Neal’s philosophy is best judged by a philoso- 
pher. Tufts College, on April 21, 1940, held a 
memorial service for him. At this service his 
friend, William Ernest Hocking, referred to him 
as “a colleague in the teaching of philosophy” and 
spoke at some length concerning Neal’s philoso- 
phy of biology The following is quoted from 
Hocking’s address. Speaking of the element of 
wonder as an accompaniment of scientific out- 
look — . . Herbert Neal was a man to whom 
this element of wonder became an imperative. 
He saw that in the ideal of self-forgetfulness, 
which is part of the greatness of the scientific 
spirit, there lurked a danger that the scientist 
might forget himself as a part of that phenomenon 
which is to be understood. Consciousness, the 
capacity for pleasure and pain, the power of 
making judgments of good and evil, of right and 
wrong, — this extraordinary power of setting up 


an ideal of truth for truth’s sake which is the 
very heart of the scientific code, — these powers 
are also products of the living universe. Evolu- 
tion has produced marvelous organisms; but it 
has produced also something more marvelous, — 
organisms which are aware of marvelous or- 
ganisms, and which can consider the whole 
complex history, debouching in themselves, and 
speculate about it. That Nature has produced 
the human body is a marvel; that it has produced 
the Thinker is more marvelous still.” 

"It was the peculiar insight of Herbert Neal 
that he could not forget, nor allow his students 
to forget, this double nature of the problem of 
evolution. Could Nature have produced the body 
without producing the mind? Could Nature 
have evolved the human body without evolving 
the human mind?” Never accepting naive 
mechanism and finding a vitalism which invokes 
non-mechanical or “vitalistic” agencies equally 
inadequate, he believed that “ . . the answer 

had to be sought, not in any detail of the process, 
as if mind — hitherto absent from the universe — 
had one day emerged, as an incalculable new 
quality, — but in the character of the universe as a 
whole, which never was devoid of mentality and 
meaning. It is not for nothing that livingness is 
felt to be present in the whole.” For Neal “ 
the presence of a living character in Nature as a 
whole was the reality, the deepest reality 

with which we have to do . ” 

In addition to his philosophy of biology and 
life, but in every way consistent with it, Neal held 
a philosophy of human living Of the former he 
was ever ready to talk and did so with character- 
istic eloquence and earnestness. Of the latter 
he rarely spoke; yet it was far better known to 
his associates than was the former because his 
daily living gave to it more vivid expression than 
could any words. He lived as one who had been 
privileged to spend a limited time in some en- 
chanting country. No landscape, no adventure 
which that land afforded was to be missed. He 
therefore lived actively, intensely. His nearest 
approach to idleness was time spent in contempla- 
tion of the world’s beauty. But it was not a 
foreign land in which he sojourned He felt him- 
self to be a part of a living universe. He there- 
fore found the world altogether friendly. He saw 
in it meanness and evil and he hated them, but he 
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hated no human being. He had only compassion 
for the man in whom evil resided. 

The breadth of his capacity for appreciation 
was extraordinary. The music of Bach he en- 
joyed, not as a duty but from the heart and he 
took pleasure in modem light music — of the 
better sort. His appreciation of Shakespeare 
was equalled by his delight in a Charlie Chaplin 
comedy. But the morbid sordid realism which 
some recent plays affect aroused his complete 
disgust. Emerging from a theater late one 
evening after seeing such a play, he said to the 
friend with him, “Now let us take a long walk in 
the cold clean air and under the starlight and 
get that out of our systems.” He was to a 
surprising degree familiar with music, literature, 
painters and paintings. He was more than 
merely passively artistic. His water colors and 
his playing of the violin revealed capacities 
which might have been developed far if he had 
not chosen science He traveled much, always 
with camera in hand. His collection of lantern 
slides, colored by himself, was the envy of profes- 
sional photographers. The wonder is that he was 
able to do such a diversity of things and to do 
them all well. 

Neal was loyal to his responsibilities as a citizen. 
He was always actively interested in social, civic 
and political affairs. He was not so academic 
that he could not serve a three-year term (1906- 
09) as alderman from the Sixth Ward of Gales- 
burg, Illinois. In June, 1918, he volunteered for 
service under the Young Men’s Christian Associ- 
ation in its work with the Italian army in the 
"World War ” He was sent to Italy in August, 
1918, and served there until August, 1919. From 
January to July, 1919, he was stationed at Genoa, 
acting as Regional Director He held the rank of 
Captain in the Italian army. 

Neal’s joy in living radiated from him. All 
who knew him marveled at his spirit of eternal 
youthfulness. The gracious and generous hos- 
pitality of his home will always be remembered 
by his students and friends. If all men could live 
by Neal’s philosophy, world wars would be re- 
placed by world tolerance and world friendliness. 
Science and the arts would flourish. And each 
day of human living would mark some progress 
in the cooperative striving toward the realization 


of all that is finest and noblest in the potentialities 
of the human organism. 

Herbert W. Rand 

ALFRED BARTON RENDLE 
(1865-1938) 

Foreign Honorary Member In Clan II, Section 2 

Alfred Barton Rendle was bom in London, 
January 19, 1865, the eldest child and only son 
of John Samuel and Jane Wilson Rendle. He was 
educated at London schools and at St. John’s 
College, Cambridge. There he came under the 
stimulating instruction of S. H. Vines Probably 
he would have liked nothing better than to remain 
as a member of the school of research which Vines 
was then endeavoring to build up; but the latter’s 
removal to Oxford put an end to any such hope. 
Rendle, in need of a position, applied for and got 
one as Assistant in Botany at the British Museum, 
left vacant by Ridley’s transfer to Singapore. 

Although the change from physiological in- 
vestigation under Vines to the career of a taxono- 
mist and museum official came about fortuitous- 
ly, it was not made without conviction. Rendle 
had always been interested m classification and 
he proved a capable systematist m the British 
tradition. He steadily advanced in the Museum, 
becoming Keeper of Botany in 1906 and holding 
that post until his retirement in 1930 

He found time and energy for various activities 
outside his immediate duties. He served the 
Linnean Society as member of the Council, 
Botanical Secretary (1916-23), and President 
(1923-27) He took an active part in the work of 
the Royal Horticultural Society and was awarded 
two of its medals For twelve years he was 
evening lecturer on botany at the Birkbeck In- 
stitute. He did much for the conservation of the 
native British flora. He took a lively interest in 
bibliography, no doubt fostered by long associa- 
tion with James Britten I well remember the 
warmth with which he received a minor discovery 
of mine in that field — as I remember the almost 
fatherly hospitality with which he saw to it that 
I, a first-time visitor to the Museum, should miss 
nothing to my pleasure or advantage. 

No taxonomist of Rendle’s time could escape 
questions and controversies in nomenclature; 
though said to have had no great liking for the 
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subject, he was very much concerned with it. 
He aided in drawing up the original International 
Rules of 1905, served on the editorial committee 
of successive congresses and became its head after 
Briquet’s death. Following the Congress of 1905 
he prepared, in collaboration with Britten, a list 
of British seed-plants and ferns in order to test 
the workings of the then new rules. Britten, a 
bibliographer rather than a practical taxonomist, 
inclined to the radical and uncompromising in 
matters of nomenclature; the list applied certain 
provisions of the rules not wisely, but too well. 
However, for that very reason it went far to 
bring about the formulation and prompt incor- 
poration into the rules of the useful principle of 
illegitimate names. 

An administrative officer of a museum must 
often sacrifice his own productivity to the duty of 
keeping its collections in condition for the use of 
others The bulk of Rendle’s published work is 
not great, and its direction was often determined 
by the immediate needs of the Museum. One 
major enterprise, the Flora of Jamaica, begun in 
1910 in collaboration with William Fawcett, he 
initiated and carried well toward completion, 
five of its seven projected volumes have been 
published when he died. The work is in the 
tradition of the great series of British colonial 
floras; Rendle’s future reputation will rest mainly 
upon it 

His one other large work — two volumes on the 
classification of flowering plants — sprang from 
his teaching. He believed in the educational 
usefulness of taxonomic botany — it required, he 
wrote, a minimum of apparatus and forced the 
student to systematize observed facts. Also, like 
many working taxonomists, he distrusted phylo- 
genetic conjecture, none the less when it was his 
own He maintained that "certainty of identifi- 
cation” was “more important than guesses at 
affinity, particularly by those with little knowl- 
edge of generic and specific differences.”* Ac- 
cordingly, his text-book is deliberately conserva- 
tive, following the Kichlerian system closely, and 
makes little attempt at originality. Possibly for 
that reason, it holds a place among the standard 
works of its kind 


• Ramsbottora in Proc. Linn Soc. London 160: pt 
4, p.329 


Rendle was a regular attendant at scientific 
conventions, often in distant countries. He was 
taken ill while on his way to one of these, a meet- 
ing of the British Association in India late in 
1937, and was brought home to die, January 11, 
1938 

C A. Wkatherby 

CHARLES WARDELL STILES 
(1867-1941) 

Fellow In Clara II, Section 4. 1921 

Dr. Charles Wardell Stiles, for many years in 
the U S. Public Health Service, Washington, 
D. C., in which he became Medical Director prior 
to his retirement from active duty on October 1, 
1931, died of myocarditis at the U. S. Marine 
Hospital, Baltimore, on January 24, 1941. 

He was liorn in Spring Valley, N. Y., on May 
15, 1867, and received his early education at 
Wesleyan University, Middletown, Connecticut, 
later studying at the College de France, the Uni- 
versity of Berlin, the University of Leipzig, the 
Pasteur Institute, and the Trieste Zoological 
Station. He received his Ph.D. degree at the 
University of Leipzig in 1890, under the famous 
parasitologist, Leuckart, and was awarded a 
number of degrees in this country, including an 
honorary M.D. from the University College of 
Virginia, in 1913. 

Dr. Stiles’ professional career began in 1891, 
when he was placed in charge of the Zoological 
Laboratory of the Bureau of Animal Industry, 
U. S. Department of Agriculture In 1902 he 
joined the U. S Public Health Service, as zoolo- 
gist, becoming in turn professor of zoology, assist- 
ant surgeon, and finally medical director. From 
1892 he gave lectures on medical zoology and held 
teaching positions in Georgetown University, 
the Army Medical School, Johns Hopkins Uni- 
versity, and the Naval Medical School. Since 
1931 he had been an associate of the Smithsonian 
Institution, and professor of zoology at the 
Rollins College, winter faculty, in Florida. He 
was a memlier of numerous American and foreign 
scientific and medical societies. In 1892 he was 
elected foreign correspondent, of the Socidtd de 
Biologie, France; in 1896 foreign correspondent 
of the Acad&nie de Medicine, France, and in 1899 
corresponding member of the Zoological Society 
of London. 



BIOGRAPHICAL NOTICES 


175 


In addition Dr. Stiles was active in his fields as 
scientific secretary of the Rockefeller Commission 
for the eradication of hookworm, honorary cus- 
todian of the helminthological collections in the 
U. S. National Museum, secretary to the advisory 
commission of the Smithsonian Table at Naples 
Zoological Station, secretary of the International 
Commission on Medical Zoology, and secretary 
of the International Commission on Zoological 
Nomenclature He served also, from 1895-1930, 
as U. S. delegate to international zoological con- 
gresses in Leiden, Cambridge, Berlin, Berne, 
Boston, Gratz, Monaco, Budapest, and Padua. 
His mental capacity for weighing the quasi-legal 
questions involved in taxonomic tangles, and his 
sound judgment in the formulation of interna- 
tional rules to govern nomenclatonal procedure 
made him invaluable in this field. 

During 1898-1899 he was detailed by the 
Secretary of Agriculture as agricultural and sci- 
entific attache to the U S. Embassy at Berlin, 
and his report published in 1901, particularly 
the part relating to his investigations on trichi- 
nosis, furnished convincing and important data 

The subjects of his many publications relate 
chiefly to parasitology and to human and veter- 
inary medicine, and include studies on parasitic 
protozoa, hookworm and rural sanitation, trema- 
todes, cestodes, anthelmintics, surra, verminous 
diseases of cattle, classification of ticks, zoologi- 
cal classification, and many others. Perhaps he 
is best known for his recognition of hookworm 
disease as an important health problem m certain 
regions of the Southern States and for the demon- 
stration here of a species distinct from the old- 
world hookworm. Other outstanding accom- 
plishments of Dr. Stiles are the preparation of 
the Index-Catalogue of Medical and Veterinary 
Zoology (in collaboration with Dr. Albert 
Hassall), his Monographs, Bulletins, and the 
Key-Catalogue of the Parasites of Man and 
Animals, indexed in all the more important 
languages, and utilized the world over by para- 
sitologists. 

The thoroughness, accuracy, and high standard 
of Dr. Stiles’ scientific investigations, his ability 
to analyze and evaluate data, to clearly and 
impartially present the facts, and his skill in 
deducing accurate conclusions, serve as an 


inspiration and guide to other workers m the 
field of parasitology. 

E. E. Tyzzer 

HENRY TABER (1860-1936) 

Fellow In Clara I, Section 1, ISO! 

Henry Taber was born at Staten Island, N Y. 
on June 10, 1860 and died at Worcester, Mass. 
January 6, 1936, he is buried beside his wife in 
Princeton, Mass , on one of the high plateaus of 
Mount Wachusett. He was the eldest son of 
Charles Corey Taber, a cotton dealer and broker 
of New York city, and his wife Cornelia Frances 
Martin, of Flushing, L I , and was a descendant 
of Philip Taber who came from Essex, England 
to Plymouth, Mass in 1630. 

Henry Taber entered Yale with the class of 
1881, leaving college for a time on account of 
illness, however, he became a member of the 
class of 1882 in the second half of the junior year. 
He had been pursuing a course in mechanical 
engineering, but feeling that he was unfitted for 
this career he was permitted to substitute a 
special course in mathematics for part of the 
work. His membership in Berzelius and other 
Yale clubs was a source of great pleasure to him 
as he returned to reunions in later years. 

The next three years were spent in graduate 
mathematical study under the great Sylvester, 
at the Johns Hopkins University where he was 
awarded the Ph D. degree in 1888 After a year 
as an assistant he became a docent in mathe- 
matics at Clark University, then, as assistant 
professor (1892-1903) and professor (1903-21) 
he was an associate of Professor W E Story and 
very active in mathematical research. He retired 
as professor of mathematics emeritus in 1921. 

Clark University was organized for strictly 
post-graduate study, and did not aspire to com- 
pete with other institutions in the work that is 
generally recognized as undergraduate. Thus a 
very distinguished group of scholars was assem- 
bled on its Faculty. But with the founding of 
the University of Chicago and a changed attitude 
of the founder of Clark, a staggering blow was 
dealt to the institution when many of its faculty, 
including the fine mathematician Oskar Bolza, 
decided to go to Chicago Of the 24 candidates 
for the Ph.D. in mathematics, presented at Clark 
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by Professors Story and Taber during 1892-1917, 
five had worked under the direction of Doctor 
Taber, namely E. R. Rettger, S. E. Slocum, R. 
B. Allen, J. A. Bullard, and S. Zeldin. 

His chief mathematical interests were in the 
fields of matrices and bilinear forms, continuous 
groups, and hyper-complex numbers. More than 
thirty of his papers and memoirs were published 
in Amer. Jl. Math. (1890-1916), Amer. Acad. A. 
Sci , Proc. (1891-1913); Amer, Math. So. (a) 
Bull. (1894-97), (b) Trans. (1904), Int. Congress 
Mathems., Chicago, Mathematical Pajiers (1896); 
Mathem. Annalen (1895-1917); Math. Reviews, 
Story (1897); Pans, Comptes Rendus (1906).* 
Already in 1893 he was one of only eleven Ameri- 
can mathematicians presenting papers at the 
International Congress of Mathematicians in 
Chicago. On the invitation of Professor Eduard 
Study, during sabbatic leave in 1906, he delivered 
a course of lectures on the theory of groups at 
the University of Bonn. In 1912 Dr. Taber was 
elected a vice-president of the American Mathe- 
matical Society. He became a fellow of this 
Academy in 1891 

He was married in 1886 to Fanny Lawrence of 
New York, who died in 1892; they had three 
daughters who are still living. Of Dr. Taber’s 
brothers, Robert Schell Taber (1865-1904) was a 
famous actor (Julia Marlowe’s first husband), and 
Edward Martin Taber (1863-1896) an eminent 
American landscape artist (see R. Cortissoz, 
American Artists, New York, 1923, and S. Isham, 
American Painting, New York, 1927). In ap- 
pearance Dr. Taber bore such a strong resem- 
blance to the English actor Sir Henry Irvmg that 
when he was in London, on being solicited for 
alms he was addressed as “Sir Henry.” He was 
a member of the Quinsigamond Boat Club, of 
Worcester, and an excellent tennis player. His 
religious affiliations were Episcopalian He had 


1 Dr. Taber’s complete Bibliography for the years 
1890-97, and analyses of many of his papers, may be 
found in Clark University 1889-1899. Decennial Cele- 
bration (Worcester, Mass., 1889), p 548-549, 73-83; 
and Clark University . . . Report of the Presidents 
.and Departments 1918, p 12-14. See also Yale Univer- 
sity Obituary Record for the years 1985-1988; Yale Uni- 
versity, Twenty-fifth Reunion Book of the Class of 188 1, 
G. L. Randall, Taber Genealogy Descendants of 
Thomas sfet of Philip Taber, New Bedford, Mass., 1924, 
p. 244, 382. 


a wide range of interests, and a remarkable 
memory, and he read widely in other branches of 
science than his specialty, such as chemistry, 
physics, and medicine. But he was also a great 
student of history and anthropology, and took 
delight in literature, art, music, drama, and 
dancing (especially Pavlova’s). He had a highly 
developed sense of humor, rejoiced in human 
contacts, and was ever ready to champion the 
cause of one whom he felt wronged. An old 
friend has written to me, “His genial, light- 
hearted, highstrung personality might easily give 
a stranger little impression of taking himself 
seriously. Life was to him what Shakespeare 
said it is, and his care was to act it beautifully.” 

R. C. Archibald 

FRANK BURSLEY TAYLOR 
(1860-1938) 

Fellow In Claes II. Section I, 1925 

Frank Bursley Taylor was son of a leading 
lawyer of Fort Wayne, Indiana. His father was 
also a member of the Mississippi River Commis- 
sion, and his stay at Harvard was co-eval with 
mine. It is not surprising that his attention was 
early called to Physiographic problems, so that 
when his health made indoor work harmful to 
him he took up with a background of training 
at Harvard the study of the old shore lines, that 
surround the Great Lakes and are well marked 
on Macinac Island, where he had a summer home, 
and from which he obtained his wife. They 
traced these shore lines together and in that 
work I first met him and gave him the first 
money he ever earned as a professional geologist. 
With the study of the shore lines it was natural 
for him to study the ice sheet and its recession 
upon which they depended for their origin. He 
became an authority and prepared the Niagara 
folio of the U. S. Geological Survey tracing the 
history of Niagara Falls. The origin of glaciation 
was linked with that of the origin of the earth by 
T. C. Chamberlin, and Taylor went on to con- 
sider the origins of the mountain ranges and this 
led to the so called Taylor-Wegener hypothesis 
relative to continental drift. On this he pub- 
lished some ten papers. He also thought a good 
deal about astronomy and the evolution of the 
Solar System and published a book. I append 
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letters from him to me of bibliographic interest. 
He was broad minded enough to change from 
time to time as he absorbed new facts and was 
good at drawing maps to illustrate his ideas. 

As to his astronomic ideas it is only fair to him 
to quote from a letter to Leverett as well as to me 
appended and remark that the publication of the 
book was forced on him by a well-to-do father 
who wanted to file a caveat on what he considered 
his son's great ideas 

In the field connecting geology and cobmogony 
it is not surprising that his speculations like most 
others have not been accepted. 

On April 24, 1899 he was married to Minnetta 
Amelia Ketchum who helped him in many ways 

Beside the American Academy he was a Fellow 
of the American Association for the Advancement 
of Science, of various local societies and a member 
and contributor to the Michigan Academy of 
Science and others. 

His memorial as Fellow of the Geological 
Society of America which includes genealogical 
data and bibliography was prepared by Frank 
Leverett with whom he was intimately associated 
in his work in the Great Lakes region and its 
glacial and post-glacial geology, and appears in 
the Proceedings of the Geological Society of 
America for 1938, pp 191-200. A shorter ab- 
stract appeared in Science, Aug. 5, 1938, p. 121— 
122, and there were besides the customary news- 
paper notices a tribute by Agnes Yamell in the 
Fort Wayne News Tribune and editorials in the 
Ft. Wayne Gazette of June 16, and Journal of 
June 12, and the class memoirs prepared by John 
C. Merriam, H. U 1886. 

To Leverett’s bibliography may be added a 
posthumous paper in the Scientific monthly 
(July 1939, Vol. xlix, pp. 49-56) “Geological 
story of the Great Lakes.” 

As he wrote to Leverett - 

“I am quite free to admit that my efforts to 
point out the cause of continental crustal move- 
ments are largely speculative although I claim to 
have a few very strong evidences in my favor 
But in gathering together the facts that show the 
character of the crustal movements, and their 
direction and amount of movement in the several 
continents I think I have followed much more 
sound and careful scientific methods.” 

A. C. Lane 


Letters follow • 

420 Downing Ave. 

Fort Wayne, Ind. 

Feb. 14, 1925. 

Prof. Alfred C Lane, 

22 Arlington Street, 

Cambridge, Mass. 

My dear Lane. 

Yours of Feb 3 is received. It is rather funny 
that you should write just at this time and 9ay 
tile things that you do, for the thing you are after 
is not yet in existence, but you are just in time 
probably to get what you want Here is a little 
story. The lines you read in the last Who’s Who 
told a lie, thanks to the stubborn meanness of an 
editor anil his advisors, and partly also to my own 
ovcrsanguine expectations. More than three 
years ago 1 prepared two short papers, eleven 
typewritten pages each under the titles “The 
Great Satellites of the Giant Planets,” and “The 
Growth of the Planetary System as Revealed in 
Its Vestiges ” I did this in one more desperate 
effort to get my ideas into a form in which they 
would be received and published by some scien- 
tific journal. I was determined to do no more 
private printing, except as a last resort These 
papers were still in the editor’s hands when the 
last day of grace for Who’s Who came. I felt sure 
the papers would be accepted, but — it simply was ' 
a case of counting the eggs before they were 
hatched I was disgusted. In my sanguine 
expectations, I had sent the title in to Who’s 
Who, and then the confounded egg dtdn’t hatch. 

Since then I have been working at other things, 
until a few months ago, when I took up these 
subjects once more. I think you know the awful 
struggle l have been thru in endeavoring to 
formulate my ideas and then to get some one to 
look at them earnestly and open mindedly It is 
more than 40 years (Dec 13, 1884) since I hit 
upon the idea of direct capture as the origin of 
satellites, and I soon extended it to planets. In 
July 1891, I started to print my ideas privately, 
but my plan was altogether too elaborate, and I 
went broke before I got to the real meat of the 
subject. It was miserable stuff, worse than 
nothing, and I have always been glad that the 
attempt failed. 

In June, 1898, when my health seemed unusual- 
ly threatening, I printed privately a little pam- 
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phlet of forty pages, a sort of caveat on my ideas, 
it is no account, excepting as a caveat The 
astronomical part is as bad as my earlier attempt, 
but there are four pages in which I state for the 
first time my idea of the function of tidal and 
rotational forces in world-geology, in the making 
of continents, mountain ranges, etc. This little 
pamphlet is entitled “An Endogeneous Planetary 
System ” I am sending you a copy herewith, 
with the geological passage marked I sent out 
only three copies of this pamphlet to geologists, 
one each to Gilbert, McGee and Chamberlin at 
the time it was printed About four years ago 
two copies were sent to non-professional friends, 
no others were ever sent out It is a sort of pre- 
cursor of my later papers on continents, mountain 
ranges etc. I think I sent j ou a copy of “Bearing 
of Tertiary Mountain Belt on the Origin of the 
Earth’s Plan” 1910 long ago I enclose also a 
copy of the abstract of my paper at Washington, 
April 18, 1923 entitled “The Lateral Migration 
of Land Masses.” But if you wish my latest on 
this theme, see Pan-American Geologist for Feb 
1925 In the spring and summer following my 
father’s terrible illness in Boston in Jan. and Feb. 
1903, I wrote and printed privately, a book en- 
titled “The Planetary System.” This is a fugi- 
tive volume if ever there was one, but whether it 
is a fugitive from justice or from injustice, I have 
never been able to find out It has pretty nearly 
everything it it, but is an awful mess. 

About 1908, I began to try to find a way to 
discuss the growth of the Planetary system by 
inductive methods (in the Planetary System it 
was mainly deductive). After more than ten 
years of study and work, off and on, I produced 
a paper entitled “The Growth of the Planetary 
System as revealed in Its Vestiges” and in the 
Fall of 1920 I sent it to Prof. T. C Chamberlin 
for the Journal of Geology. He had published 
many papers of his own on the same general 
theme, but he refused mine Mine, he said, was 
too astronomical, he advised me to send it to the 
Astro-physical Joum. (Prof E B. Frost, Editor) 
I knew there was no use to do that, but I did as 
Chamberlin suggested, just to see what would 
.happen. Frost sent it back and advised me to 
send it to Chamberlin; so there I was. I recog- 
nized that that paper was objectionable because 
it was too long. But the theme is so big it is next 


to impossible to present it adequately in short 
papers. Nevertheless, I tried once more in the 
two little papers (11 pages each, typewritten) 
mentioned at the beginning of this letter They 
were nicely illustrated. I sent them to the 
American Journal of Science, but the trip proved 
to be only an excursion. Now, I am in the midst 
of one more effort to get somewhere with these 
ideas 

This time I hope to realize it in book form, 
have a publisher in N. Y. m sight. I have it 
about half written. I can loan you about half 
the manuscript for a few days. You may read it 
and return it as promptly as you can. I may 
include one of the earlier short papers which I 
intend to work into the latter part of the present 
paper What I send you will cover my main 
theme fairly well I enclose pamphlets now; will 
send you manuscript about Feb. 20 

Very truly yours, 

(signed) Frank B Taylor 

December 13th, 1933. 

Dear I>ane 

Just to remind you that this is the birthday of 
an idea. On December 13th, 1884, forty-nine 
years ago today, I first conceived of the idea that 
the moon became the satellite of the earth by 
capture directly out of space I doubt if you have 
ever been much attracted by my “speculations,” 
but I think I may safely call your attention now 
to the fact that the world is beginning to come 
my way, very slowly and only a little, it is true, 
but while I may not live to see the finish, I think 
that you with your greater vitality may do so. 

You are having your own A. A. A.[S. party in 
Cambridge and I suppose you will stay there and 
not come to Chicago. I hope to go to the Chicago 
meeting but am not sure. Good health and a 
Merry Christmas to all of you 
Yours 

(signed) Frank B. Taylor 

HARRY WALTER TYLER (1863-1938) 

Fellow In Class I. Section 1, 1002 

Harry W. Tyler was born in Ipswich, Mass., 
April 16, 1863, and died in Washington, D. C., 
Feb. 3, 1938. He was a son of David M. and 
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Harriet (YVilcomb) Tyler. After graduating in 
1884 with the degree of Bachelor of Science, from 
the Massachusetts Institute of Technology, he 
was an assistant and instructor in the mathe- 
matics department of the Institute for three 
years. From this period dates a little booklet 
Entertainments m Chemistry; Easy Lessons and 
Directions for Safe Experiments In 1887 he was 
married to Alice Irving Brown of Roxbury, Mass 
He spent 1887-88 in study at the University of 
Gottingen, and 1888-89 at the University of 
Erlangen, where he obtained the Doctor of 
Philosophy degree under Gordan, his dissertation 
being entitled Beziehungen zwischen dcr Sylvrstcr- 
schcn urul drr B&zouC schcn Dcternnnante 

In 1890 he returned to the Institute as an 
assistant professor of mathematics, became an 
associate professor in 1892, and was a profissor 
from 1893 till he became professor emeritus in 
1930; he was head of the department from 1901, 
and its high distinction to-day is due in no small 
degree to the wisdom of appointments which he 
arranged. Furthermore, it was during the last 
decade of lus regime that 190 numbers of Con- 
tributions of his department, and ten volumes of 
the Institute’s important quarterly downed, of 
Mathematics and Physics, were published. He 
served also as registrar, as secretary of the faculty, 
and for many years as president of the Faculty 
Club at M IT 

Professor Tyler was a constant attendant at 
meetings of societies and congresses in this 
country and in Europe and Ins services as secre- 
tary and committee chairman were ever in great 
demand In 1893 he was secretary of the first 
international congress of mathematicians which 
was held in Chicago He was chairman of the 
committee on incorporation of the American 
Mathematical Society For many years he was 
prominent in the Association of University Pro- 
fessors and served ns its remarkable general 


secretary from 1916 to 1934. He was vice- 
president of the Association for 1934 and 1935 
and editor of its Bulletin until July 1937. He 
moved to Washington in 1930, and from that 
tune until his death he was a consultant in science 
at the Library of Congress His winning per- 
sonality won him many friends and he was 
especially popular with the local alumni group of 
the Institute which repeatedly elected him as 
their president 

At congresses he was always an attendant at 
the sections dealing with pedagogical and his- 
torical questions. His Short History of Science 
(New York, 1917) prepared in collaboration 
with Professor W T Sedgwick was the out- 
growth of a lecture course given by the authors 
for several years to undergraduate classes of the 
Institute The new edition of 1939, in part a 
revision but to a great extent a new work, was 
prepared by Tyler and R. P Bigelow. 

Dr Tyler had remarkable executive ability, 
“energy, patience, initiative and caution, firmness 
and tact, dignity and (not least valuable) a dry 
and penetrating sense of humor — the expression 
of which, when such expression would have been 
inopportune, he was almost always (with some 
difficulty one suspects) able to restrain ” l He 
became a fellow of the Academy in 1902, the 
year when his fellow mathematicians rated him 
as 77th among the leading 80 mathematicians of 
the United States and Canada. 

Of Ins four daughters the eldest, Margaret 
Tyler, is a physician, and associate clinical pro- 
fessor in obstetrics and gynecology at the Yale 
University School of Medicine. 

R C Archibald 


1 A O Lovojoy, "Harry Walter Tyler 1863-1938,” 
Ainer Assoc Univ Prof, Bulletin, v 24, 1938. p. 219— 
221 See also Science, n 8 , v 87, 1938, p 181 
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CLASS I— Mathematical and Physical 
Sciences — 213 

Section I — Mathematics and Astronomy — 49 

21 Charles Greeley Abbot Washington, D C 

32 Clarence Raymond Adams Providence, R 1 

22 Walter Sydney Adams Pasadena, Cal 

12 George Russell Agassiz Dedham 

17 Raymond Clare Archibald Providence, R I 

32 Albert Arnold Bennett Piovidence, R I 

13 George David Birkhoff Cambridge 

35 Gilbert Ames Bliss Chicago, 111 

39 Bart Jan Bok Lexington 

13 Julian Lowell Coolidgc Cambridge 

15 Leonard Eugene Dickson Chicago, 111 

33 Jesse Douglas Brooklyn, N Y. 

38 John Charles Duncan Wellesley 

34 Griffith Conrad Evans Berkeley, Cal 

30 Philip Franklin Belmont 

32 Einar Ilille New Haven, Conn 

15 Frank Lauren Hitchcock Belmont 

13 Edward Vcrnnlyc Huntington Cambridge 

15 Dunham Jackson Minneapolis, Minn 

38 E[lvm] Morton Jellinek New Haven, Conn 

15 Carl Otto Lampland Flagstaff, Ariz 

25 Willem Jacob Luyten Minneapolis, Minn 

44 Saunders MacLane Cambridge 

34 Donald Howard Menzel Cambridge 

19 George Abram Miller Urbana, 111 

24 John Anthony Miller Wallingford, Pa 

23 Samuel Alfred Mitchell University, Va 

29 Marston Morse Princeton, N J 

19 Forest Ray Moulton Washington, D C 

44 John von Neumann Princeton, N J 

43 Cecilia Payne-Gaposchkin . Lexington 

18 Henry Bayard Phillips Lincoln 

96 Charles Lane Poor New York, N. Y. 

14 Roland George Dwight Richardson, 

Providence, R I 


Associate, now a Fellow, u indicated by round brackets 

02 Henry Norris Russell Princeton, N J. 

20 Harlow Shapley Cambridge 

09 Vcsto Melvin Slipher Flagstaff, Ariz 

17 Frederick Slocum Middletown, Conn 

19 Virgil Snyder Ithaca, N Y 

21 Joel Stebbins Madison, Wis 

27 H Arlan True Stetson Needham 

30 Dirk Jan Struik Belmont 

42 Otto Struve Williams Bay, Wis 

28 Jacob David Tamarkin Providence, R I 

23 Oswald Veblen Princeton, N J. 

29 Joseph Leonard Walsh Cambridge 

41 Fred Lawrence Whipple Cambridge 

25 Alfred North Whitehead Cambridge 

32 David Vernon Widder Belmont 

Class I, Section II— Physics— 60 
28 Adelbert Ames, Jr Hanover, N. H. 

37 Kenneth Tompkins Bainbndge Cambridge 

21 Samuel Jackson Barnett Los Angeles, Cal 

42 Francis Birch Cambridge 

12 Percy Williams Bndgman Cambridge 

39 Lyman James Bnggs Washington, D. C. 

26 Walter Guyton Cady Middletown, Conn. 

03 George Ashley Campbell Upper Montclair, N J. 

21 Leslie Lyle Campbell Lexington, Va. 

16 Emory Leon Chaffee Belmont 

28 Arthur Holly Compton Chicago, 111. 

81 Karl Taylor Compton Cambridge 

12 Daniel Frost Comstock Lincoln 

15 William David Coohdge . Schenectady, N Y. 
34 Franzo Hazlett Crawford • Wilhamstown 

13 Henry Crew . “Evanston, 111. 

11 Harvey Nathaniel Davis Hoboken, N J. 

29 Clinton Joseph Davisson New York, N Y. 

12 Arthur Louis Day Bethesda, Md. 

01 Alexander Wilmer Duff Worcester 

09 Arthur Woolsey Ewell Worcester 

39 Harry Edward Farnsworth Providence, R. I. 
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Philipp Frank 

Cambridge 

36 Albert Baird Hastings 

. Brookline 
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Harry Manley Goodwin 

Brookline 

38 Robert Casad Hockett 

. . Concord 

29 

Arthur Cobb Hardy 

Wellesley 

36 Ernest Hamlin Huntress 

Melrose Highlands 
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George Russell Harnson 

Belmont 

18 Grinnell Jones 

Cambridge 

95 

Hammond Vinton Hayes 

Boston 

19 Frederick George Keyes 
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14 

John Charles Hubbard 

Baltimore, Md. 
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Cambridge 
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Boston 
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Washington, D C 
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Harry Rowe Mimno 
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Berkeley, Cal 
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New Haven, Conn 
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32 Albert Haertlein 

Watertown 

33 
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Belmont 
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Cambridge 
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. Belmont 
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23 William Hovgaard 

. Brooklyn, N. Y. 

34 Jerome Clarke Hunsaker 

Boston 

23 James Robertson Jack 

Watertown 

11 Dugald Caleb Jackson. 

Cambridge 

30 Frank Baldwin Jewett 

New York, N Y. 

01 Lewis Jerome Johnson 

Cambridge 

37 Joseph Henry Keenan 

Belmont 

32 Ralph Restleaux Lawrence 

Belmont 

23 William Henry Lawrence 
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Cambridge 
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34 Edward Leyburn Moreland 

Wellesley 

20 Frederick Law Olmsted 
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28 Langdon Pearse 
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13 Harold Pender 
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39 C Richard Soderbcrg 
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Boston 

[281 44 Karl Terzaghi 
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40 John Wulff 

Cambridge 

41 Vladimir Kosma Zworykin. 

Princeton, N. J 


CI.ASS II — Natural and Physiological 
Sciences— 212 

Section I — Geology, Mineralogy, and Physics of the 
Globe-47 

15 Wallace Walter Atwood Worcester 

41 Alan Mara Bateman New Haven, Conn 

38 Marland Pratt Billings Wellesley 

21 Norman Levi Bowen Chicago, III 

16 Isaiah Bowman Baltimore, Md 

33 Charles Franklin Brooks Milton 

29 Kirk Bryan Cambridge 

33 Frank Morton Carpenter Lexington 

93 Henry Helm Clayton Canton 

09 Reginald Aldworth Daly Cambridge 

34 Sterling Price Fergusson Milton 

42 Russell Gibson Belmont 

17 James Walter Goldthwait Hanover, N H 

14 Louis Caryl Graton Cambridge 

17 Herbert Ernest Gregory Honolulu, T. H. 

21 William Jackson Humphreys Washington, D. C 

10 Ellsworth Huntington New Haven, Conn 
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96 Robert Tracy Jackson Peterborough, N. H 

02 Thomas Augustus Jaggar Honolulu, T. H 

10 Alfred Church Lane . Cambridge 
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15 Andrew Cowper Lawson Berkeley, Cal. 

43 Lewis Don Leet Harvard 

16 Charles Kenneth Leith Madison, Wis. 

31 George Francis McEwen. . La Jolla, Cal. 

27 Donald Hamilton McLaughlin . New York, N. Y. 

26 Kirtley Fletcher Mather . ... Newton Center 


35 Warren Judson Mead Belmont 

21 John Campbell Memam Washington, D. C. 

17 William John Miller Los Angeles, Cal. 

32 Frederick Kuhne Moms Cambridge 

34 Walter Harry Newhouse Melrose 

17 Percy Edward Raymond Lexington 

22 Austin Flint Rogers Palo Alto, Cal. 

34 Carl-Gustaf Arvid Rossby Chicago, 111 

19 Waldemar Theodore Schaller Washington, D C 
12 William Berryman Scott Princeton, N J. 

11 Hervey Woodburn Shimer . . Hingham 
41 Chester Stock .Pasadena, Cal. 

44 Harald Ulnk Sverdrup La Jolla, Cal 

17 Thomas Wayland Vaughan Washington, D C. 
08 Charles Hyde Warren New Haven, Conn. 

14 Herbert Percy Whitlock New York, N. Y. 

35 Derwent Stainthorpe Whittlesey Cambridge 

15 Bailey Willis Palo Alto, Cal. 

15 Frederick Eugene Wright Washington, D C 

Class II, Section II— Botany— 39 

30 LeRoy Abrams Palo Alto, Cal 

11 Oakes Ames North Easton 

34 Edgar Anderson St Louis, Mo. 

15 Irving Widmer Bailey Cambridge 

00 Liberty Hyde Bailey Ithaca, N Y 

21 Edward Wilber Berry Baltimore, Md. 

40 Albert Francis Blakeslee . Northampton 

98 Douglas Houghton Campbell Palo Alto, Cal 

16 Bradley Moore Davis Ann Arbor, Mich 

35 Bernard Ogilvie Dodge New York, N Y 

41 Arthur Johnson Eames Ithaca, N Y 

21 Rollins Adams Emerson Ithaca, N. Y. 

12 Alexander William Evans New Haven, Conn. 

29 Joseph Horace Faull Cambridge 

00 Merritt Lyndon Fernald Cambridge 

44 Paul Rupert Gast Petersham 

11 Robert Aimer Harper Bedford, Va. 

98 John George Jack East Walpole 

28 Willis Linn Jepson Berkeley, Cal 

27 Ivan Murray Johnston Brookline 

34 Donald Forsha Jones New Haven, Conn. 

14 Burton Edward Livingston Ridorwood, Md 

40 Paul Christoph Mangclsdorf Newtonville 

42 William Ralph Maxon Washington, D. C. 

21 Elmer Drew Merrill Jamaica Plain 

10 Winthrop John Vanleuven Osterhout 

New York, N Y. 

27 George James Peirce Palo Alto, Cal. 

44 Hugh Miller Raup Jamaica Plain 

14 Alfred Rehder Jamaica Plain 

30 Karl Sax Forest Hills 

34 Edmund Ware Smnott New Haven, Conn 

44 Albert Charles Smith Jamaica Plain 

34 Gilbert Morgan Smith Palo Alto, Cal 

23 Elvtn Charles Stakman St. Paul, Minn. 

38 Kenneth Vivian Thimann Cambridge 

92 William Trelease. Urbana, 111. 

31 Charles Alfred Weatherby Cambridge 
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Cambridge 
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Cambridge 
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Cambridge 




34 Alfred Newton Richards 

Brvn Mawr. Pa 

Class II, Section III — Zoology and Physiology— 60 

34 Oscar Riddle Cold Spring Harbor, N. Y. 

22 

Nathan Banks 

Hollis ton 

37 Alfred Sherwood Romer 

Cambridge 
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Thomas Barbour 

Boston 
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Ann Arbor, Mich. 
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Baltimore, Md. 
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Belmont 
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Class II, Section IV — Medtnne and Surgery — 60 
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Boston 
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Belmont 
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Cambridge 
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Berkeley, Cal 

31 George Blumer 

Kan Manno, Cal. 

29 

Lemuel Roscoe Cleveland 

Jamaica Plain 

43 Arlie Vernon Bock 

Cambridge 
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Cambridge 
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Princeton, N J 
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New York, N. Y. 
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Belmont 
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Boston 
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Brookline 

29 

Hallow ell I)avis 

Cambridge 
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Worcester 

33 
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Belmont 
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New York, N Y 
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Brookline 
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Washington, D C 
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New York, N Y 
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Berkeley, Cal 
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I exington 
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Brookline 
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Milton 
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New York, N. Y 
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New Haven, Conn 
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Brookline 
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New York, N Y 
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Frederick Lee Hisaw 

Belmont 
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New Haven, Conn 
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Cambridge 

27 Percy Rogers Rowe 

Belmont 
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Hudson Hoagland 

Worcester 

21 William Henry Howell 

Baltimore, Md 

24 

Samuol Jackson Holmes 

Berkeley, Cal 

33 Edgar Erskine Hume 

Frankfort, Ivy 

28 

Roy Graham Hoskins 

Waban 

15 Reid Hunt 

Boston 

13 

Leland Ossian Howard 

Washington, D C 

34 Henry Jackson, Jr 

Chestnut Hill 

14 

Herbert Spencer Jennings 

Los Angeles, Cal 

12 Elliott Proctor Joshn 

Boston 

13 

Charles Atwood Kofoid 

Berkeley, Cal. 

43 Chester Scott Keefer 

Brookline 

44 

Eugene Markley Landis 

Brookline 

23 Roger Irving Lee 

Brookline 

16 

Frederic Thomas Lewis 

Waban 

42 Samuel Albert Levine 

Newton Center 

33 

Frank Rattray Lillie 

Chicago, 111 

29 Edwin Allen Locke 

Wilhamstown 

14 

Ralph Stayner Lillie 

Chicago, III. 

28 Warfield Theobald Longeope 

Baltimore, Md 

17 

Richard Swann Lull 

New Haven, Conn 

32 Fred Bates Lund 

Newton Center 

43 

Brenton Reid Luts 

Melrose 

40 William de Bermcre MacNider 

Chapel Hill, N. C 

84 

Edward Laurens Mark 

Cambridge 

44 William Malamud 

Worcester 

15 

Albert Davis Mead 

Providence, R I 

34 I-eroy Matthew Simpson Miner Newtonville 

27 

Axel Leonard Melandcr 

Riverside, Cal 

26 George Richards Minot 

Brookline 

35 

Karl Friedrich Meyer 

San Francisco, Cal 

41 Alan Richards Moritz 

Jamaica Plain 

21 

Gernt Smith Miller 

Washington, D. C 

28 William Lorenzo Moss 

Athens, Ga. 

28 

Thomas Hunt Morgan 

Pasadena, Cal. 

28 John Howard Mueller 

West Roxbury 

42 

Hermann Joseph Muller 

Amherst 

25 Robert Bayley Osgood 

Boston 

95 

George Howard Parker 

Cambridge 

37 Walter Walker Palmer 

New York, N. Y 

21 

Henry Augustus Pilsbry 

Philadelphia, Pa 

27 Joseph Hershey Pratt 

Brookline 

39 

Gregory Pincus 

Worcester 

35 Tracy Jackson Putnam . 

New York, N. Y 

27 

Frederick Haven Pratt 

Wellesley Hills 

34 William Carter Qutnby 

Brookline 

09 

Herbert Wilbur Rand 

Cambridge 

34 Arthur Hiler Ruggles 

.Providence, R. I. 
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39 Frederick Fuller Russell 

39 William Thomas Salter 
33 George Cheever Shattuck 
30 Torald Hermann Sollmann 
1 4 Richard Pearson Strong 
30 Fritz Bradley Talbot 

44 George Widmer Thorn 
14 Ernest Edward Tyzzer 
14 Frederick Herman Verhoeff 
27 Joseph Trelour Wearn 

40 Paul Dudley White 
12 Simeon Burt Wolbueh 


Brookline 
New Haven, Conn 
Brookline 
Cleveland, O. 
Boston 
Brookline 
Cambndge 
Wakefield 
Brookline 
Cleveland, Ohio 
Brookline 
South Sudbury 


CLASS HI-The Social Arts— 174 


Section 1 — J untpr itdmre — 39 


(24) 32 Francis Noyes Balch 
38 Henry Moore Bates 
36 Stoughton Bell 
33 Harry Augustus Bigelow 
36 Wilfred Bolster 
36 Claude Raymond Branch 
33 John Dickinson 

38 Robert Gray Dodge 

31 Fred Tnrbcll Field 

39 Herbert Funk Goodnch 
33 Thoodore Francis Gieen 

38 Frank Washburn Gnnnell 
41 Erwin Nathaniel Gnswold 

39 John Loomer Hall 

39 Augustus Noble Hand 
33 Learned Hand 
39 Albert James Ilnrno 
18 Charles Evans Hughes 
38 Melvin Maynard Johnson 

38 James McCauley Landis 

32 Sayre Macneil 

32 Calvert Magruder 
31 William DeWitt Mitchell 

31 Edmund Morns Morgan 
36 Henry Parkman, Jr 

39 Robert Porter Patterson 
01 George Wharton Pepper 
1 1 Roscoe Pound 

38 William Morton Prest 
36 Stanley Elroy Qua 

32 Francis Bowes Sayre 
21 Austin Wakeman Scott 
36 Sidney Post Simpson 

33 Harlan Fiske Stone 

39 Thomas Walter Swan 

32 Edward Sampson Thurston 
38 Bentley Wirt Warren 
(28) 32 Edmund Allen Whitman 
43 Charles Edward Wyzanski, Jr 


Jamaica Plain 
Ann Arbor, Mich 
Cambridge 
Chicago, 111 
Wellesley 
Providence, R 1 
Philadelphia, Pa 
Boston 
Newton 
Philadelphia, Pa. 
Piovidence, R I 
Boston 
Belmont 
Boston 
New York, N Y. 
New York, N Y 
Urbana, 111 
Washington, D C 
Brookline 
Cambndge 
Pasadena, Cal 
Cambridge 
New York, N Y 
Arlington 
Boston 
Washington, D C 
Philadelphia, Pa. 
Watertown 
Boston 

Washington, D C 
Cambridge 
Cambridge 
Washington, D C 
New York, N Y 
Berkeley, Cal 

Cambridge 

Cambridge 


Class III, Section II — Government, International 
Law, and Diplomacy — 28 

36 Howard Landis Bevis Columbus, O. 

33 Edwin Montefiore Borchard New Haven, Conn. 


40 Robert Granville Caldw ell 
82 William Richards Castle, Jr 

32 Joseph Perkins Chamberlain 

33 Robert Treat Crane 
35 Tyler Dennett 

3! Sidney Bradshaw Fay 
27 William Cameron Forbes 

34 Edgar Stephenson Furrnss 
32 Joseph Clark Grew 

35 Charles Grove Haines 

41 Hajo Holborn 

27 Arthur Norman Holcombe 

31 Manley Ottmer Hudson 

32 Philip Carryl Jessup 

32 Charles Edward Merriarn 
19 John Bassett Moore 

13 William Bennett Munro 
41 Gaetano Salvemini 

40 Thomas Head Thomas 
44 Sarah Wambaugh 
43 Payson Sibley Wild, Jr 
27 Westel Woodbury Willoughby 

32 William Franklin Willoughby 

14 George Grafton Wilson 
27 Quincy Wright 

33 Henry Aaron Yeomans 


Belmont 
Washington, D C 
New York, N Y. 
New York, N. Y. 

Hague, N Y 
Cambridge 
Norwood 
New Haven, Conn 
Washington, D C 
Los Angeles, Cal 
Hamden, Conn 
Cambridge 
Cambndge 
New York, N Y 
Chicago, 111 
New York, N Y 
Pasadena, Cal 
Cambridge 
Cambridge 
Cambridge 
Cambndgo 
Washington, 1) C 
Washington, D C 
Grafton, Vt 
Chicago, 111 
Harvard 


Class III, Section III — Econonme anil Sociology — 67 


36 

36 

43 

44 

33 

34 
28 
31 

31 

32 
21 
32 

41 

32 
34 

42 
36 
36 
12 
34 
13 

33 
39 

34 

41 
32 
34 
34 

42 
36 
34 


James Waterhouse Angell New York, N Y 

James Cummings Bonbnght New York, N Y 

Augusta Fox Bronner (Mrs William Healy) 


Douglass Vincent Brown 
Harold Ditchings Burbank 
John Maurice Clark 
Arthur Harmon Cole 
Melvin Thomas Copeland 
William Leonard Cium 
William James Cunningham 
Clive Day 

Arthur Stone Dewing 
Carl Rupp Doenng 
Wallace Brett Donhain 
John Franklin Ebcrsole 
Howard Sylvester Ellis 
Fred Rogers Fairchild 
Frank Albert Fetter 
Irving Fisher 
Ralph Evans Freeman 
Edwin Francis Gay 
Sheldon Glueck 
Gottfned Habcrler 
Robert Murray Haig 
Earl Jefferson Hamilton 
Henry Wyman Holmes 
Edwin Walter Kemmerer 
Frank Hyneman Knight 
Wassily W. Leontief 
Roswell Cheney McCrea 
Robert Morison Maclver 


Brookline 
Cambridge 
Westport, Conn 
Cambridge 
Cambridge 
Cambridge 
Cambridge 
New Haven, Conn 
Newton 
Cambndge 
Cambridge 
Belmont 
Berkeley, Cal 
Hamden, Conn 
Princeton, N J 
New Haven, Conn 
Cambridge 
San Marmo, Cal 
Cambridge 
Cambridge 
■ New York, N. Y 
Evanston, 111 
Cambridge 
Princeton, N J 
Chicago, III 
Cambridge 
Augusta, Ga 
New York, N, Y. 
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2 Walter Wallace McLaren 
B Malcolm Pemne McNair 

2 Leon Carroll Marshall 

3 Edward Sagendorph Mason 

6 Elton Mayo 

4 Richard Stockton Menam 
4 Harry Alvin Millis 

2 Frederick Cecil Mills 

1 Wesley Clair Mitehell 
4 Arthur Eh Monroe 

2 Harolk Glenn Moulton 
4 Edwin Griswold Nourse 
2 William Fielding Ogburn 
2 William Andrew Paton 

2 Leo 8 Rowe 

7 Clyde Orval Ruggles 

2 Paul Anthony Samuelson 
6 Thomas Henry Sanders 

3 Josef Alois Schumpeter 

3 Benjamin Morns Selekman 
2 Carl Snyder 

1 Pitmm Alexandrovich Sorokin 
1 FranciB Trow Spaulding 


Williamstown 
. ..Cambridge 
Chevy Chase, Md. 
Cambridge 
Cambridge 
South Lincoln 
Washington, D C. 
New York, N. Y. 
New York, N. Y. 
Cambridge 
Washington, D. C 
Washington, D C. 

Chicago, 111. 
Ann Arbor, Mich 
Washington, D. C. 
, Cambndge 
Cambndge 
Cambndge 
Cambndge 
Cambndge 
New York, N. Y. 
Winchester 
Cambridge 


31 Oliver Mitchell Wentworth Sprague Cambridge 


Frederick John Teggart 
William Isaac Thomas 
Harry Rudolph Tosdal 
Donald Skeele Tucker 
Robert Ulich 
Abbott Payson Usher 
Jacob Viner 

T(homas) North Whitehead 
John Henry Williams 
Joseph Henry Willits 
Leo Wolman 
Carle Clark Zimmerman 


Berkeley, Cal 
Berkeley, Cal 
Belmont 
Belmont 
Cambridge 
Salem 
Chicago, III 
Cambndge 
Cambridge 
New York, N Y. 
New York, N. Y 
Winchester 


Class III, Section IV — Administration and 
Affairs— 40 

(25) 32 Charles Francis Adams Concord 

39 Chester Irving Barnard Newark, N. J 

(25) 32 Charles Foster Batehehler 

Peterborough, N H. 
44 Adolf Augustus Berle, Jr Washington, D C 

44 Raymond Blaine Fosdick New York, N Y 

41 Godfrey Lowell Cabot Boston 

43 Ada Louise Comstock (Mrs Wallace Notestein) 

New Haven, Conn. 

42 Donald Kirk David Boston 

38 Edmund Ezra Day Ithaca. N Y 

41 Frederic Adnan Delano Washington, D. C. 

32 Henry Sturgis Dennison Framingham 

(28) 32 William Lusk Webster Field Milton 

89 Ralph Edward Flanders Springfield, Vt 

38 Horace Sayford Ford Belmont 

35 Jerome Davis Greene . Cambndge 

42 Roger Sherman Greene . .Worcester 

44 Ernest Martin Hopkins . Hanover, N. H. 

(28) 32 Edward Jackson Holmes Topsfield 

41 Edward Godfrey Huber .Waban 


34 Henry Plimpton Kendall 
44 James Rhyne Killian, Jr 

32 Thomas William Lamont 
39 Morris Evans Leeds 

34 Clarence Cook Little 

36 Dumas Malone 
42 Daniel L. Marsh 

33 James Vance May 
02 Herbert Putnam 

34 Erwin Haskell Schell 

38 Charles Seymour 

35 Henry Lee Shattuck 

37 Henry Southworth Shaw 
(28) 32 Payson Smith 

33 Albert Warren Stearns 

36 Clair Elsmere Turner 

(24) 32 Edwin Sibley Webster 
44 Charles Edward Wilson 

41 Laurence Leathe Winship 

(25) 32 Benjamin Lonng Young 

39 Owen D. Young 


Sharon 
. . Wellesley Hills 
New York, N. Y. 
Philadelphia, Pa. 
Bar Harbor, Me. 
Charlottesville, Va. 

Boston 
Watertown 
Washington, D. C. 

Cambridge 
New Haven, Conn. 

Boston 
Melrose 
Orono, Me. 
Billerica 
Arlington 
Brookline 
New York 
South Sudbury 
WeBton 
New York, N Y. 


CLASS IV— The Humanities— 187 
Section I — Theology, Philosophy, and Psychology — 40 
32 Michael Joseph Ahern Weston 

32 James Rowland Angell Hamden, Conn 

33 John Gilbert Beebe-Center 
38 Julius Seelye Bixler 
24 Edwin Gamgucs Bonng 
28 Edgar Sheffield Bnghtman 

31 Henry Addington Bruce 

32 Leonard Carmichael 

36 Robert Pierce Casey 
28 Walter Fenno Dearborn 
18 Edmund Burke Delabarre 

33 Curt John Ducasse 
43 Angus Dun 
38 James Everett Frame 

37 Clarence Henry Graham 
30 William Henry Paine Hatch 

32 William Healy 
35 Clark Leonard Hull 

33 Walter Samuel Hunter 

28 Albert Cornelius Knudson 
32 Karl Spencer Lashley 

29 Clarence Irving Lewis 
42 Richard Peter McKeon 
35 Henry Alexander Murray, Jr. 

32 Arthur Darby Nock 


8 Johnson O Connor 
17 Charles Edwards Park 

33 Carroll Cornelius Pratt 

30 James Hugh Ryan. . 

31 Henry Knox Sherrill 

27 Willard Learoyd Sperry. 
29 Russell Henry Stafford 

34 Lewis Madison Term an 
34 Edward Lee Thorndike 
37 Louis Leon Thurstone . 


Swampscott 
Waterville, Me 
Cambridge 
Newton 
Cambridge 
Tufts College 
Providence, R. I. 

Cambndge 
Providence, R I. 
Providence, R I. 
Washington, D C. 
Princeton, N J 
Providence, R I. 
Cambridge 
Natick 
New Haven, Conn. 
Providence, R I. 

Cambndge 
Orange Park, Fla. 
Lexington 
Chicago, 111. 
Boston 
Cambridge 

Boston 

New Brunswick, N. J. 
Omaha, Neb. 
.Boston 
Cambndge 
Brookline 


Montrose, N. Y. 
. . . Chicago, III. 



FELLOWS 


189 


28 Henry Bradford Washburn. Cambridge 

17 John Broadus Watson . New York, N. Y. 

33 Frederic Lyman Wells Newton Highlands 

36 Robert Sessions Woodworth New York, N. Y. 

15 Robert Meams Yerkes . New Haven, Conn 

Class IV, Section II — History, Archaeology, and 
Anthropology — 43 

41 Warren Ortman Ault . Waban 

28 James Phmney Baxter, 3d Williamstown 

23 Carl Lotus Becker Ithaca, N Y 

27 Robert Pierpont Blake Cambridge 

39 Crane Bnnton Cambridge 

42 Henry Joel Cadbury Cambridge 

(25) 32 William Brooks Cabot Boston 

34 Clarence Gordon Campbell New York, N. Y 

12 George Henry Chase . Cambridge 

44 William Bell Dinsmoor New York, N. Y 

21 Max Farrand Bar Harbor, Me 

21 William Scott Ferguson Cambridge 

38 Allyn Bailey Forbes Cambridge 

33 Henry Thatcher Fowler Harmony, R I 

38 Claude Moore Fuess Andover 

18 Evarts Boutell Greene Croton-on-Hudson, N Y 

43 Hugh O’Neill Hencken Chestnut Hill 

14 Bert Hodge Hill Athens, Greece 

27 Earnest Albert Hooton Cambridge 

33 Halford Lancaster Hoskins Medford 

44 Clyde Kay Maben Kluekhohn Cambridge 

12 Alfred Louis Kroeber Berkeley, Cal 

16 Kirsopp Lake . So Pasadena, Cal 

44 Ambrose Lansing New York, N. Y 

22 George La Piana Cambridge 

32 Waldo Gifford Leland Washington, D. C 

41 William E. Lingelbach Philadelphia, Pa 

20 Charles Howard Mcllwain . Belmont 

14 Roger Bigelow Mernman . Cambridge 

38 Stewart Mitchell Gloucester 

15 Samuel Eliot Monson .Canton 

34 Robert Henry Pfeiffer Cambridge 

34 David Moore Robinson Baltimore, Md. 

23 Michael Ivanovich Rostovtzeff New Haven, Conn. 

27 George 8arton . . Cambridge 

38 Bernadotte Everly Schmitt . Chicago, 111. 

36 Donald Scott. . Cambridge 

34 Theodore Leslie Shear Princeton, N J 

26 Herbert Joseph Spinden Brooklyn, N Y. 

32 Charles Holt Taylor Cambridge 

11 Alfred Marston Tozzer Cambridge 

39 Henry Rouse Vieta Dedham 

20 Clark Wissler New York, N. Y. 

Class IV, Section III — Philology— 55 
83 William Nickerson Bates. . Philadelphia, Pa. 
36 Charles Henry Beeson. Chicago, 111. 

33 Campbell Bonner Ann Arbor, Mich. 

36 Robert Johnson Bonner Chicago, III. 

41 Giuseppe Antonio Borgese Chicago, 111. 

21 Carl Darling Buck . Chicago, 111. 

18 Edward Capps. . Princeton, N. J. 


20 Walter Eugene Clark Cambridge 

32 Ronald Salmon Crane Chicago, 111. 

32 Moms William Croll Pnnceton, N. J. 

44 Henry Grattan Doyle Washington, D. C. 

20 Franklin Edgerton . New Haven, Conn 

40 Serge Elissdeff Cambridge 

14 Jeremiah Denis Mathias Ford Cambridge 

30 James Geddes, Jr. Brookline 

16 Louis Herbert Gray New York, N Y 

25 William Chase Greene , Cambridge 

13 Charles Burton Gulick Cambridge 

34 Austin Morris Harmon New Haven, Conn 

31 Raymond Dexter Havens Baltimore, Md 

38 Richmond Laurin Hawkins Cambridge 

18 George Lincoln Hendrickson New Haven, Conn. 

17 William Guild Howard Cambridge 

40 Werner Wilhelm Jaeger Watertown 

32 (Ralph) Hayward Kemston Ann Harbor, Mich 

34 Roland Grubb Kent Wynnewood, Pa 

33 Hans Kurath Providence, R I 

39 Henry Carrington Lancaster Baltimore, Md 

32 Ernest Felix Langley Cambridge 

33 Ivan Mortimer Linforth Berkeley, Cal 

44 Elias Avery Lowe Pnnceton, N. J. 

11 Albert Matthews Boston 

35 Benjamin Dean Mentt Princeton, N. J 

43 Perry Gilbert Eddy Miller Cambridge 

28 William Albert Nitze Los Angeles, Cal. 

32 George Rapall Noyes Berkeley, Cal 

34 William Abbott Oldfnthcr Urbana, 111 

33 Howard Rollin Patch Northampton 

32 Arthur Stanley Pease Cambridge 

11 Fred Norns Robinson Cambndge 

38 Hyder Edward Rollins Cambndge 

31 Robert Kilburn Root Pnnceton, N. J 

35 Henry Arthur Sanders Ann Arbor, Mich 

18 Rudolph Schevill Berkeley, Cal 

43 Jean Joseph Seznec Cambridge 

32 Horatio Elwin Smith. New York, N Y. 

39 John Strong Perry Tatlock Berkeley, Cal 

32 William Thomson So Lincoln 

11 Charles Cutler Torrey New Haven, Conn 

44 La Rue Van Hook New York, N Y 

33 George Benson Weston Cambndge 

30 Ernest Hatch Wilkins Oberlin, Ohio 

33 Harry Austryn Wolfson Cambridge 

39 William Hoyt Worrell Ann Arbor, Mich 

Class IV, Section IV — The Fine Arts and 
Belles Letlres — 50 

43 Leonard Bacon Peace Dale, R. I 

26 Frank Weston Benson Salem 

32 (William) Welles Bosworth Locust Valley, N Y. 

42 John Nash Douglas Bush .Cambridge 

33 John Alden Carpenter Chicago, 111 

43 Willa Sibert Cather New York, N. Y. 

32 Chalmers Dancy Clifton New York, N Y 

32 Kenneth John Conant Cambridge 

34 Charles Jay Connick Newtonville 

29 Charles Townsend Copeland . Cambndge 
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34 Samuel Foster Damon Providence, R. I. 

41 Archibald Thompson Davison Lincoln 

32 George Harold Edgell Cambridge 

21 William Emerson Cambridge 

30 John Erskine New York, N Y 

18 Edward Waldo Forbes Cambridge 

31 Robert Frost South Shaftsbury, Vt 

27 Wallace Goodrich Manchester 

44 Walter Gropius Lincoln 

36 William Clifford Heilman Cambridge 

29 Edward Burlingame Hill Cambridge 

31 Robert Silliman Ilillyci Cambridge 

27 Charles Hopkinson Manchester 

12 Mark Antony DeWolfe Howe Boston 

38 Joseph Hudnut Boston 

18 Archer Milton Huntington New York, N Y 

31 Henry James New York, N Y. 

38 Howard Mumford Jones Cambridge 

42 Otto Kinkeldey Ithaca, N Y 

33 Leo Rich Lewis Tufts College 

21 John Livingston Lowes Cambridge 

21 Charles Donugh Magnum Brookline 

31 Paul Manslup New Yoik, N. Y 

31 Daniel Gregory Mason New York, N Y 

31 Frank Jewett Mather Washington Crossing, Pa 
44 Charles Rufus Morey Princeton, N J 

31 Kenneth Ballard Murdock Boston 

14 William Allan Neilson Falls Village, Conn 


28 Curtis Hidden Page 

Gilmanton, N H 

(24) 32 Anthony John Philpott 

Arlington 

41 Walter Hamor Piston, Jr 

Belmont 

21 Chandler Rathfon Post 

Cambridge 

22 Paul Joseph Sachs 

Cambridge 

14 Ellery Sedgwick 

Boston 

19 Henry Dwight Sedgwick 

Dedham 

33 David Stanley Smith 

Woodbndge, Conn 

39 Francis Henry Taylor 

New York, N. Y 

43 Randall Thompson 

Charlottesville, Va 

44 Karl Victor 

Cambridge 

39 Karl Ephraim Weston 

Williamstown 

44 Herbert Eustis Winlock 

New York, N V 

22 Charles Henry Conrad Wright 

Cambridge 


FELLOWS EMERITI— 6 
Class IV, San join I — 1 

21 William Ernest Hocking Madison, N H 

Clash IV, Section 111—2 

15 Carl Newell Jackson Snowville, N 11 

13 Edward Kennard Rand Cambridge 

Class IV, Section IV— 2 

29 Edward Burlingame Hill Cambridge 

21 John Livingston Lowes Cambridge 
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FOREIGN HONORARY MEMBERS— 119 
(Number limited to one hundred and thirty) 


CLASS I — Mathematical and Physical 
Sciences — 27 


44 Ezequiel Ordoftez 
18 Sir William Napier Shaw 


Mexico, D F 
London 


Section I — Mathematic s and Astronomy — 8 
39 Arnaud Denjoy Pans 

22 Sir Arthur Stanley Eddington, Cambridge, England 
34 Ronald Aylmer Fisher Harpenden, Herts 

20 Jacques Salomon Hadnmard Pnnceton, N J 

21 Godfrey Harold Hardy Cambridge, England 

27 Ejnar Hertzsprung ley den 

15 Charles Jean de la Vallee Poussin Louvain 

29 Hermann Weyl Pnnceton, N J 


Class I, Sect ion II — Physics — 6 


29 Vilhelm FnmannKoren Bjerknes 
24 Albert Einstein 
29 James Franck 
29 Abram F Joff<? 

28 Freidnch Paschen 
14 Max Planck 


Oslo 

Pnnceton, N J 
Chicago, 111 
I-enmgrad 
Chariot tenburg 
Berlin 


Class I, Section III— Chemistry — 7 


Class II, Section II- Botany — 0 


32 Fredenck Orpcn Bower 

31 Ludwig Diels 

32 Kingo Miyabe 

42 Lorenzo Raimundo Parodi 

29 Otto Renner 

35 Sir William Wright Smith 


Sapporo, Japan 
Buenos Aires 
Jena 
Edinburgh 


Class II, Section III— Zoology and Physiology — 9 


38 Edgar Douglas Adnan 
38 Sir Joseph Barcroft 
20 Maunce Caullery 
38 Emmanuel Faur6-Fr«5miet 
34 Archibald Vivian Hill 
41 Bernado Alberto Houssay 
31 August Krogh 
30 Louis Edouard Lapicque 


Cambridge, England 
Cambndge, England 
Pans 
Pans 
London 
Buenos Aires 
Copenhagen 
Pans 


28 Sir D’Arcy Wentworth Thompson St Andrews 


29 Johannes N Bionsted 
27 Peter Debye 
33 Jaroslav Heyrovsky 
33 Fritz Paneth 
38 Leopold Ruzicka 
38 Nevil Vincent Sidgwick 
29 Heinnch Wieland 


Copenhagen 
Ithaca, N Y. 

Durham 

Oxford 

Munich 


Class I, Section IV — Technology and Engineering — 6 


36 Edward Victor Appleton London 

34 Luigi Lombardi Rome 

29 Ludwig Prandtl Gottingen 

29 Emil Probst, Oxford 

29 Aurel Stodola Zttnch 

31 Karl Willy Wagner Berlin 


CLASS II — Natural and Physioluoical 
Sciences— 29 

Section I— Geology, Mineralogy, and Physics 
of the Globe — 7 

36 Raoul Blanchard Grenoble, France 


29 L6on William Collet . Geneva 

34 Arthur Holmes . . Durham 

22 Emmanuel de Margene Paris 

21 Gustaf Adolf Fredenk Molengraaff . Delft 


Class II, Section IV — Medicine and Surgery — 7 


18 Sir Thomas Barlow, Bart 
39 Sir Aldo Castellam 

27 Sir Henry Hallett Dale 
33 Sir Arthur Keith 

28 Mikinosuke Miyajtma 

18 Sir Charles Scott Sherrington 
36 (Jean) Hyacinthe Vincent 


London 
Rome 
London 
London 
Tokyo 
Ipswich, England 
Pans 


CLASS III— The Social Arts— 33 
Section I — Jurisprudence— 13 
3 William Warwick Buckland Cambridge, England 

3 Mircea Djuvara Bucharest 

7 L6on Duguit Bordeaux 

3 Francois Geny Nancy 

3 Arthur Lehman Goodhart Oxford 

3 Wilfrid Arthur Greene, Baron Greene London 


3 Hans ICelsen 
3 Rt. lion. Lord Macmillan 
3 Juljusz Makarewicz 
3 Rudolph Stammler 
3 Giorgio Del Vecchio 
3 Rt. Hon Lord Wright. 

3 John a H. Wu 


Berkeley, Cal 
London 

Wermgerode a. H 

London 
Hong Kong 
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Section 11— Government, International Law, 
and Diplomacy — 4 

38 Dionisio Anzilotti . . Rome 

32 Paul Claudel Paris 

32 Hu Shih . . New York, N. Y. 

38 Kenzo Takayanagi Tokyo 


Section III - — Economics and Sociology — 12 


32 

34 


44 

35 

32 

35 


35 


35 

34 


Arthur Lyon Bowley . 
Gustav Cassel 
Henry Clay 
Daniel Cos to Villegas 
Luigi Einaudi 
Ralph George Hawtrcy 
John Maynard Keynes, 

Ren6 Maumer 
Arthur Cecil Pigou 
Charles Rist 
S Rudolph Stemmetz 
Peter B Struve 


Haslemere, Surrey 
Djursholm, Sweden 
Kenley, Surrey 
Mexico, D F. 
Turin 
London 

Baron Keynes 

Cambridge, England 
Pans 

Cambndge, England 
Fraisaea (Loire) 
Amsterdam 
Belgrade 


32 Pierre Janet .Paris 

28 Wolfgang Kohler Swarthmore, Pa. 

37 Henn Pi4ron . . Paris 


Section II — Hietory, Archaeology, and Anthropology — 6 
33 Rafael Altamira y Crevea Madnd 

36 Marcel Aubert Paris 

29 Godfrey R Benson, Baron Charnwood London 
33 Friednch Meinecke Berlin-Dahlem 

40 Martin Persson Nilsson Lund 

31 George Macaulay Trevelyan Cambndge, England 


Section III— Philology— 7 


44 Amado Alonso Buenos Aires 

09 Hermann Georg Jacobi Bonn 

36 Paul Kretschmer Vienna 

32 Paul Mazon Pans 

112] 28 Hanna Oertel Munich 

17 Ram6n Men6ndez Pidal Madrid 

32 Fredenck William Thomas Oxford 


Section IV — Adminutralxan and Affaire— 3 Section IV — The Fine Arte and Bellee Lettree — 11 


33 Gttsta A Bagge Stockholm 

38 Heinrich Brilmng Cambridge, Mass 

38 B. Seebohm Rowntrcc North Dean, Bucks 

CLASS IV-The Humanities — 31 
Section l— Theology, Philoeophy, and Peychology—7 
36 Miguel Astn y Palacios Madnd 

28 Benedetto Croce Naples 

29 Etienne Gilson Melun 

28 Edmund Husserl Freiburg i B. 


40 Fernand Baldensperger 

30 Alfredo Casella 
23 Henry Guy 

29 Paul Hazard 

40 Paul Hindemith 

34 Serge Koussevitzky. 

27 Gilbert Murray 

31 Edgar Allison Peers 
27 Henn Rebaud 

41 Jan Sibelius 

40 Igor Stravinsky 


Los Angelos, Cal 
Romo 
Grenoble 
Pans 

New Haven, Conn 
Boston 
Oxford 
Liverpool 
Paris 
Helsinki 
Pans 



ALPHABETICAL INDEX TO LISTS OF MEMBERS 

The letters F, FE and FHM refer to the lists of Fellows, Fellows Emeriti and Foreign Honorary Members, 
respectively. The class and section are indicated by the numerals following 


Abbot, C. G. F, I 1 

Abrams, L It. F, II: 2 

Adams, C A. F, 1 : 4 

Adams, CF. F, III - 4 

Adams, C R F, I 1 

Adams, R F, I. 3 

Adams, W S F, I: 1 

Adrian, ED. FHM, II. 3 

Agassiz, G. R. F, !• 1 

Ahern, M. J. F, IV- 1 

AIbnght, F. F, II- 4 

Alonso, A. FHM, IV: 8 

Altamira y Crevea, R. FHM, IV : 2 

Ames, A , Jr F, I 2 

Ames, O F, II : 2 

Anderson, E F, 11:2 

Angell, J R F, IV: 1 

Angell.J W. F, III: 3 

Anzilotti, D FHM, III 2 

Appleton, E V. FHM. I 4 

Archibald, R. C. F, I- 1 

Asfn y Palacios, M. FIIM, IV- 1 

Atwood, W. W F, II: X 

Aub, J. C. F, 11:4 

Aubert, M FHM, IV: 2 

Ault, W O F, IV. 2 

Avery, OT F, 11:4 

Ayer, J B F, II- 4 

Bacon, L F, IV 4 

Bagge, G A FHM, III. 4 

Bailey, I W F, II 2 

Bailey, L II F, II 2 

Bainbridge, K. T. F, I • 2 

Balch, F G F, II- 4 

Batch, F. N F, III: 1 
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STATUTES. 

Adopted November 8. 1911 amended May 8, 1912, 
January 8, and May 14, 1913, Apnl 14, 1915, April 12, 
1916, Apnl 10, 1918, May 14, 1919, February 8, April 
12, and December 13, 1922, February 14, March 14, 
and October 10, 1923, March 10, 1926, May 9, 1928, 
Apnl 8 and November 11, 1931, Apnl 12, 1933, Febru- 
ary 14, 1934, December 14, 1938, January 11, Apnl 12, 
1939, May 8, 1940, May 14, 1941, November 18, 1942, 
and January 12, 1944. 


CHAPTER I 
The Corporate Seal. 

Article 1. The Corporate Seal of the 
Academy shall be as here depicted: 



Article 2. The Recording Secretary shall 
have the custody of the Corporate Seal. 

See Chap, v, art, 3; chap vi, art 2. 

CHAPTER II. 

Fellows and Foreign Honorary 
Members and Dues. 

Article 1. The Academy shall consist of 
Fellows, elected from the citizens or residents of 
the United States of America, Fellows Emeriti, 


and Foreign Honorary Members They are 
arranged in four Classes, according to the Arts 
and Sciences in which they are severally pro- 
ficient, and each Class shall be divided into four 
Sections, namely 

Class I The Mathematical and Physical 
Sciences 

Section 1 Mathematics and Astronomy 

Section 2 Physics 

Section 3 Chemistry 

Section 4 Technology and Engineering 

Class II The Natural and Physiological 
Sciences 

Section 1. Geology, Mineralogy, and Thysics 
of the Globe 
Section 2 Botany 
Section 3. Zoology and Physiology 
Section 4 Medicine and Surgery 
Class III. The Social Arts 
Section 1. Jurisprudence 
Section 2 Government, International Iaw, 
and Diplomacy 

Section 3. Economics and Sociology 
Section 4 Administration and Affairs 

Class IV The Humanities 
Section 1 Theology, Philosophy, and Psy- 
chology 

Section 2 History, Archteology, and Anthro- 
pology 

Section 3 Philology 

Section 4. The Fine Arts and Belles Lettres 

Article 2. The number of Fellows shall not 
exceed Eight hundred, of whom not more than 
Six hundred shall be residents of Massachusetts, 
nor shall there be more than Two hundred and 
twenty in any one Class. 

Fellows of the Academy on retiring from their 
academic or other regular duties may, if they so 
desire and with the approval of the Council, be 
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transferred to the status of Fellows Emeriti. 
Fellows Emeriti shall be exempt from the pay- 
ment of dues and may not hold office in the 
Academy, but shall have all the other privileges 
of Fellowship In the published lists of the mem- 
bership of the Academy, Fellows Emeriti shall 
be separately classified, and shall be outside the 
statutory limit set on the number of Fellows 

Article 3. The number of Foreign Honorary 
Members shall not exceed One hundred and 
thirty. They shall be chosen from among 
citizens of foreign countries most eminent for 
their discoveries and attainments in any of the 
Classes above enumerated There shall not be 
more than Thirty-five in any one Class 

Article 4. If any person, after being notified 
of his election as Fellow, shall neglect for six 
months to accept in writing, or, if a Fellow 
resident within fifty miles of Boston shall neglect 
to pay his Admission Fee, his election shall be 
void; and if any Fellow resident within fifty 
miles of Boston shall neglect to pay his Annual 
Dues for six months after they are due, provided 
his attention shall have been called to this 
Article of the Statutes in the meantime, he shall 
cease to be a Fellow, but the Council may sus- 
pend the provisions of this Article for a reason- 
able time. 

With the previous consent of the Council, the 
Treasurer may dispense (»ub silentio ) with the 
pa} ment of the Admission Fee or of the Annual 
Dues or both whenever he shall deem it advisable. 
In the case of officers of the Army or Navy who 
are out of the Commonwealth on duty, payment 
of the Annual Dues may be waived during such 
absence if continued during the whole financial 
year and if notification of such expected absence 
be sent to the Treasurer. Upon similar notifica- 
tion to the Treasurer, similar exemption may be 
accorded to Fellows subject to Annual Dues, 
who may temporarily remove their residence for 
at least two years to a place more than fifty 
miles from Boston. 

If any person elected a Foreign Honorary 
Member shall neglect for six months after being 
notified of his election to accept in writing, his 
election shall be void. 

See Chap, vii, art 2. 


Article 5. Every Fellow resident within 
fifty miles of Boston hereafter elected shall pay 
an Admission Fee of Ten dollars, unless pre- 
viously as an Associate he has paid an Admission 
Fee of like amount 

Every Fellow resident within fifty miles of 
Boston shall, and others may, pay such Annual 
Dues, not exceeding Fifteen dollars, as shall be 
voted by the Academy at each Annual Meeting, 
when they shall become due; but any Fellow 
shall be exempt from the annual payment if, 
at any time after his admission, he shall pay into 
the treasury Two hundred dollars in addition to 
his previous payments. Any Fellow shall also be 
exempt from Annual Dues who has paid such 
dues for forty years, or, having attained the age 
of seventy-five has paid dues for twenty-five 
years. 

Fellows residing more than fifty miles from 
Boston elected after 1938 shall, and other non- 
resident Fellows may, pay annual dues of five 
dollars, which shall entitle them to all privileges 
of resident Fellows. 

All Commutations of the Annual Dues shall 
be and remain permanently funded, the interest 
only to be used for current expenses. 

Any Fellow not previously subject to Annual 
Dues who takes up his residence within fifty 
miles of Boston, shall pay to the treasurer within 
three months thereafter Annual Dues for the 
current year, failing which his Fellowship shall 
cease, but the Council may suspend the provi- 
sions of this Article for a reasonable time. 

Only Fellows who pay Annual Does or have 
commuted them may hold office in the Academy 
or serve on the Standing Committees or vote at 
meetings. 

Article 6. Fellows who pay or have com- 
muted the Annual Dues and Foreign Honorary 
Members shall be entitled to receive gratis one 
copy of all numbers of the Proceedings and 
Memoirs of the Academy which have been 
issued after their election. 

See Chap, xi, art 2. 

Article 7. Diplomas signed by the President 
and the Vice-President of the Class to which 
the member belongs, and countersigned by the 
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Secretaries, shall be given to Foreign Honorary 
Members and to Fellows. 

Article 8 . If, in the opinion of a majority 
of the entire Council, any Fellow or Foreign 
Honorary Member shall have rendered himself 
unworthy of a place in the Academy, the Council 
shall recommend to the Academy the termination 
of his membership; and if three-fourths of the 
Fellows present, out of a total attendance of not 
less than fifty at a Stated Meeting, or at a Special 
Meeting called for the purpose, shall adopt this 
recommendation, his name shall be stricken 
from the Roll. 

See Chap, iii, chap vi, art. 1 ; chap, x, art 1 ; chap, xi, 
art. 2. 

CHAPTER III. 

Election of Fellows and Foreign 
Honorary Members. 

The procedure in the election of Fellows and 
Foreign Honorary Members shall be as follows: 

Nominations to Fellowship or Foreign Hon- 
orary Membership in any section must be signed 
by two Fellows of that Section, or by three 
Fellows of any Section, and sent to the Corre- 
sponding Secretary accompanied by a statement 
of the qualifications of the nominee and brief 
biographical data. 

Notice shall be sent to every Fellow not later 
than the fifteenth of January in each year, 
reminding him that all nominations must be in 
the hands of the Corresponding Secretary before 
the first of February following. 

The Corresponding Secretary shall, on the 
second of February, transmit to the several Vice- 
Presidents the nominations for Fellows and 
Foreign Honorary Members in their respective 
classes. Each Class Committee shall, before the 
sixteenth of February, consider the nominations, 
and may add others for the purpose of securing 
proper membership in the Academy, to the end 
that those in the country of highest distinction 
in their several classes may be Fellows. 

A list of the nominees, giving a brief account 
of each, with the names of the nominators, shall 
be sent to every Fellow with a request that he 
return the list with such confidential comments 


and indications of preference as he may choose 
to make. 

All the nominations, with any comments 
thereon and with expressions of preference on 
the part of the Fellows, shall be referred to the 
appropriate Class Committees, which shall can- 
vass them, and report their recommendations in 
writing to the Council before the Stated Meeting 
of the Academy in April. 

Elections of Fellows and Foreign Honorary 
Members shall be made by the Council before 
the Annual Meeting in May, and announced at 
that meeting. 

Persons nominated in any year, but not 
elected, may be carried over to the list of nominees 
for the next year at the discretion of the Council, 
but shall not be further continued unless re- 
nominated. 

See Chap ii ; chap, vi, art l,chap. x, art 1. 

CHAPTER IV. 

Officers. 

Article 1. The Officers of the Academy 
shall be a President (who shall be Chairman of 
the Council), four Vice-Presidents (one from each 
Class), a Corresponding Secretary (who shall be 
Secretary of the Council), a Recording Secretary, 
a Treasurer, a Librarian, and an Editor, all of 
whom shall be elected by ballot at the Annual 
Meeting, and shall hold their respective offices 
for one year, and until others are duly chosen 
and installed. 

There shall be also sixteen Councillors, one 
from each Section of each Class. At each Annual 
Meeting four Councillors, one from each Class, 
shall be elected by ballot to serve for the full term 
of four years and until others are duly chosen 
and installed. The same Fellows shall not be 
eligible for two successive terms 

The Councillors, with the officers previously 
named, and the Chairmen of the House Com- 
mittee and the Committee on Resources and 
Policy, ex officiia, shall constitute the Council. 

See Chap, xi, art 1 

Article 2 If any officer be unable, through 
death, absence, or disability, to fulfill the duties 
of his office, or if he shall resign, his place may be 
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filled by the Council in its discretion for any 
part or the whole of the unexpired term. 

Article 3. At the Stated Meeting in March, 
the President shall appoint a Nominating Com- 
mittee of four Fellows having the right to vote, 
one from each Class. This Committee shall 
prepare a list of nominees for the several offices 
to be filled, and for the Standing Committees, 
and file it with the Recording Secretary not 
later than four weeks before the Annual Meeting. 

See Chap vi, art 2. 

Article 4. Independent nominations for any 
office, if signed by at least twenty Fellows having 
the right to vote, and received by the Recording 
Secretary not less than ten days before the 
Annual Meeting, shall be inserted in the call 
therefor, and shall be mailed to all the Fellows 
having the right to vote. 

See Chap vi, art 2. 

Article 5. The Recording Secretary shall 
prepare for use in voting at the Annual Meeting 
a ballot containing the names of all persons duly 
nominated for office. 

CHAPTER V. 

TnE President. 

Article 1 The President, or in his absence 
the senior Vice-President present (seniority to 
be determined by length of continuous Fellow- 
ship in the Academy), shall preside at all meet- 
ings of the Academy. In the absence of all these 
officers, a Chairman of the meeting shall be 
chosen by ballot. 

Article 2. Unless otherwise ordered, all 
Committees which are not elected by ballot shall 
be appointed by the presiding officer. 

Article 3. Any deed or writing to which the 
Corporate Seal is to be affixed, except leases of 
real estate, shall be executed in the name of the 
Academy by the President or, in the event of his 
death, absence, or inability, by one of the Vice- 
Presidents, when thereto duly authorized. 

See Chap, ii, art. 7; chap, iv, art 1, 3; chap, vi, art. 
2, chap, vii, art. 1; chap, x, art. 0, chap, xi, art. 1, 
2; chap, xii, art. 1 


CHAPTER VI. 

The Secretaries. 

Article 1. The Corresponding Secretary 
shall conduct the correspondence of the Academy 
and of the Council, recording or making an entry 
of all letters written in its name, and preserving 
for the files all official papers which may be 
received. At each meeting of the Council he 
shall present the communications addressed to 
the Academy which have been received since the 
previous meeting, and at the next meeting of 
the Academy he shall present such as the Council 
may determine. 

He shall notify all persons who may be elected 
Fellows or Foreign Honorary Members, send to 
each a copy of the Statutes, and on their accept- 
ance issue the proper Diploma He shall also 
notify all meetings of the Couneil, and in case of 
the death, absence, or inability of the Recording 
Secretary he shall notify all meeting of the 
Academy. 

Under the direction of the Council, he shall 
keep a List of the Fellows and Foreign Honorary 
Members, arranged in their several Classes and 
Sections. It shall be printed annually and issued 
as of the first day of July. 

See Chap ii, art. 7, chap m, chap iv, art. 1, chap, 
x, art 6, chap xi, art 1, chap xii, art. 1 

Article 2. The Recording Secretary shall 
have the custody of the Charter, Corporate Seal, 
Archives, Statute-Book, Journals, and all litersry 
papers belonging to the Academy. 

Fellows borrowing such papers or documents 
shall receipt for them to their custodian. 

The Recording Secretary shall attend the 
meetings of the Academy and keep a faithful 
record of the proceedings with the names of the 
Fellows present; and after each meeting is duly 
opened, he shall read the record of the preceding 
meeting. 

He shall notify the meetings of the Academy 
to each Fellow and by mail at least seven days 
beforehand, and in his discretion may also cause 
the meetings to be advertised; he shall apprise 
Officers and Committees of their election or 
appointment, and inform the Treasurer of 
appropriations of money voted by the Academy. 

After all elections, he shall insert in the Records 
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the names of the Fellows by whom the successful 
nominees were proposed. 

He shall send the Report of the Nominating 
Committee in print to every Fellow having the 
right to vote at least three weeks before the 
Annual Meeting. 

See Chap, iv, art. 3 

In the absence of the President and of the 
Vice-President he shall, if present, call the meet- 
ing to order, and preside until a Chairman is 
chosen. 

See Chap, i, chap ii, art 7, chap iv, art 3, 4, 5; 
chap x, art 6, chap xi, art 1,2, chap xii, art. 1,3. 

Article 3. The Secretaries, with the Editor, 
shall have authority to publish such of the 
records of the meetings of the Academy as may 
seem to them likely to promote its interests. 

CHAPTER VII. 

The Treasurer and the Treasury. 

Article 1. The Treasurer shall collect all 
money due or payable to the Aacedmy and all 
gifts or bequests made to it He shall pay all 
bills due and payable by the Academy when 
approved by the proper officers. He shall sign 
all leases of real estate in the name of the Acad- 
emy. He shall be the official custodian of all 
bonds, stocks and other securities and, with the 
written approval of any one member of the 
Committee on Finance, he shall have full au- 
thority to sell and transfer, invest and reinvest 
from time to time in such manner and upon such 
terms as shall to him seem best, the whole or any 
part of the personal property of the said Academy. 

He shall keep a faithful account of all receipts 
and expenditures, submit his accounts annually 
to the Auditing Committee, and render them at 
the expiration of his term of office, or whenever 
required to do so by the Academy or the Council. 

He shall keep separate accounts of the income 
of the Rumford Fund, and of all other special 
Funds, and of the Appropriation thereof, and 
render them annually. 

His accounts shall always be open to the in- 
spection of the Council. 


Article 2. He shall report annually to the 
Council at its March meeting on the expected 
income of the various Funds and from all other 
sources during the ensuing financial year. He 
shall also report the names of all Fellows who 
may be then delinquent in the payment of their 
Annual Dues. 

Article 3. He shall give such security for 
the trust reposed in him as the Academy may 
require. 

Article 4. With the approval of a majority 
of the Committee on Finance, he may appoint 
an Assistant Treasurer to perform his duties, 
for whose acts, as such assistant, he shall be 
responsible; or, with like approval and responsi- 
bility, he may employ any Trust Company doing 
business in Boston as his agent for the same 
purpose, the compensation of such Assistant 
Treasurer or agent to be fixed by the Committee 
on Finance and paid from the Funds of the 
Academy, 

Article 5. At the Annual Meeting he shall 
report in print all his official doings for the pre- 
ceding year, stating the amount and condition 
of all the property of the Academy entrusted to 
him, and the character of the investments. 

Article 6. The Financial Year of the Acad- 
emy shall begin with the first day of April 

Article 7. No person or committee shall 
incur any debt or liability in the name of the 
Academy, unless in accordance with a previous 
vote and appropriation therefor by the Academy 
or the Council, or sell or otherwise dispose of any 
property of the Academy, except cash or invested 
funds, without previous consent and approval 
of the Council. 

See Chap li, art 4, 5, chap vi, art 2, chap x, art 6, 
chap, xi, art 1,2, 3, chap xu, art 1 

CHAPTER VIII. 

The Librarian and the Library. 

Article 1. The Librarian shall have charge 
of the printed books, keep a correct catalogue 
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thereof, and provide for their delivery from the 
Library. 

At the Annual Meeting, as Chairman of the 
Committee on the Library, he shall make a 
Report on its condition. 

Article 2 In conjunction with the Com- 
mittee on the Library he shall have authority 
to expend such sums as may be appropriated by 
the Academy for the purchase of books, periodi- 
cals, etc., and for defraying other necessary 
expenses connected with the Library. 

Article 3. All books procured from the 
income of the Rumford Fund or of other special 
Funds shall contain a book-plate expressing 
the fact. 

Article 4. Books taken from the Library 
shall be receipted for to the Librarian or his 
assistant. 

Article 5. Books shall be returned in good 
order, regard being had to necessary wear with 
good usage. If any book shall be lost or injured, 
the Fellow to whom it stands charged shall 
replace it by a new volume or by a new set, if it 
belongs to a set, or pay the current price thereof 
to the Librarian, whereupon the the remainder 
of the set, if any, shall lie delivered to the Fellow 
so paying, unless such remainder lie valuable by 
reason of association. 

Article 6. All books shall be returned to the 
Library for examination at least one week before 
the Annual Meeting. 

Article 7. The Librarian shall have the 
custody of the Publications of the Academy. 
With the advice and consent of the President, 
he may effect exchanges with other associations. 

See Chap, ii, art. 6; chap, xi, art. 1, 2. 

CHAPTER IX. 

The Editor and the Publications. 

Article 1 . Hie Editor shall have charge of 
the conduct through the press of the Proceedings 
and the Memoirs, and all correspondence relative 


thereto, and shall have power to fix the price at 
which individual numbers of the Proceedings 
and Memoirs are sold. 

The Editor shall select as Assocaite Editor 
one member of the Committee of Publication, 
and the Associate Editor shall assist the Editor 
in the duties of his office in such way as the two 
shall find most convenient. 

Article 2. In conjunction with the Com- 
mittee of Publication, the Editor shall have 
authority to expend such sums as may be ap- 
propriated by the Academy for printing the 
publications and for defraying other expenses 
therewith connected. 

Article 3. All publications which are 
financed in whole or in part from the income 
of the Rumford Fund or from the income of 
other special funds, and all publications of work 
done with the aid of the Rumford Fund or other 
special funds, shall contain a conspicuous state- 
ment of this fact. 

Article 4. Two hundred extra copies of 
each paper printed in the Proceedings or Memoirs 
shall be placed at the disposal of the author 
without charge. 

If, on account of the number of communica- 
tions offered for publication, it shall be necessary 
to decline for publication communications other- 
wise acceptable, members of the Academy shall 
be given preference in each of the several Classes 
over non-members; but whenever it shall be 
necessary to exercise this preference, the Editor 
shall inform the Council of the fact. 

See Chap iv, art 1, chap vi, art. 3; chap, x, art. 6; 
chap, xi, art. 2, sect. 5. 

CHAPTER X. 

The Council. 

Article 1 . The Council shall exercise a dis- 
creet supervision over all nominations and 
elections to membership, and in general supervise 
all the affairs of the Academy not explicitly 
reserved to the Academy as a whole or entrusted 
by it or by the Statutes to standing or special 
committees. 
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It shall consider all nominations duly sent to it 
by any Class Committee, and act upon them in 
accordance with the provisions of Chapter III. 

With the consent of the Fellow interested, 
it shall have power to make transfers between 
the several Sections, reporting its action to the 
Academy. 

See Chap, iii, chap, xi, art. I. 

Article 2. Nine members shall constitute a 
quorum. 

Article 3. It shall establish rules and 
regulations for the transaction of its business, 
and provide all printed and engraved blanks 
and books of record. 

Article 4. It shall act upon all resignations 
of officers, and ull resignations and forfeitures 
of Fellowship; and cause the Statutes to be 
faithfully executed. 

It shall appoint all agents and subordinates 
not otherwise provided for by the Statutes, 
prescribe their duties, and fix their compensation. 
They shall hold their respective positions during 
the pleasure of the Council. 

Article 5. It may appoint, for terms not 
exceeding one year, and prescribe the functions 
of, such committees of its number, or of the 
Fellows of the Academy, as it may deem ex- 
pedient, to facilitate the administration of the 
affairs of the Academy or to promote its interests. 

Article 6. At its March meeting it shall 
receive reports from the President, the Secre- 
taries, the Treasurer, and the Standing Commit- 
tees, on the appropriations severally needed for 
the ensuing financial year. At the same meeting 
the Treasurer shall report on the expected income 
of the various Funds and from all other sources 
during the same year. 

A report from the Council shall be submitted 
to the Academy, for action, at the March meeting, 
recommending the appropriation which in the 
opinion of the Council should be made. 

On the recommendation of the Council, 
special appropriations may be made at any 
Stated Meeting of the Aacdemy, or at a Special 
Meeting called for the purpose. 

See Chap, xi, art 3. 


Article 7. It shall report at every meeting 
of the Academy such business as it may deem 
advisable to present. 

See Chap u, art. 4, 5, 8, chap, iv, art. 1, 2, clrnp. 
vi, art. 1 , chap vii, art 1, chap xn, art. 1, 4. 

CHAPTER XI. 

Standing Committees 

Article 1 . The Class Committee of each 
Class shall consist of the Vice-President, who 
shall be chairman, and the four Councillors of 
the Class, together with such other officer or 
officers annually elected as may belong to the 
Class. It shall consider nominations to Fellow- 
ship in its own Class, and report in writing to 
the Council such as may receive at a Class Com- 
mittee Meeting a majority of the votes cast, 
provided at least three shall have been in the 
affirmative. 

See Chap iii. 

Article 2. At the Annual Meeting the 
following Standing Committees shall be elected 
by ballot to serve for the ensuing year. 

(i) The Committee on Finance, to consist of 
four Fellows, who shall have general oversight 
of the funds and investments of the Academy. 

See Chap iv, art 3, chap vn, art, 1, 4; chap x, 
art. 6 

(ii) The Committee on Policy and Resources 
to consist of five Fellows and the President, ex 
officio, one of the five elected members to be 
elected each year to serve for a terra of five years, 
except that the five elected in 1039 shall be elected 
for terms of one, two, three, four, and five years 
respectively, the Committee to concern itself 
with procuring funds for the Academy, to study 
the activities and needs of the Academy, and to 
recommend, for the approval of the Council, 
means by which the functions and purposes of 
the Academy may best be fulfilled. 

(iii) The Rumford Committee, to consist of 
seven Fellows, who shall report to the Academy 
on all applications and claims for the Rumford 
Premium. It alone shall authorize the purchase 
of books, publications and apparatus at the 
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charge of the income from the Rumford Fund, 
and generally shall see to the proper execution 
of the trust 

See Chap iv, art. 3, chap x, art 6. 

(iv) The Cyrus Moors Warren Committee, 
to consist of seven Fellows, who shall consider 
all applications for appropriations from the in- 
come of the Cyrus Moors Warren Fund, and 
generally shall see to the proper execution of 
the trust. 

See Chap iv, art 3, chap x, art. 0 

(v) The Committee of Publication, to consist 
of the Editor, ex officio, as Chairman, and four 
other Fellows, one from each Class, to whom all 
communications submitted to the Academy for 
publication shall be referred, and to whom the 
printing of the Proceedings and the Memoirs 
shall be entrusted 

It shall fix the price at which volumes of the 
publications shall be sold, but Fellows may be 
supplied at half price with volumes and with 
single publications which they are not entitled 
to receive gratis. 

It shall determine when the pressure of material 
offered for publication makes it necessary to 
give preference to members of the Academy as 
compared with non-members, or to give priority 
to certain members as compared with others, and 
to what extent this preference or priority shall be 
applied in each of the four Classes, to the end 
that a proper balance of the facilities of publica- 
tion with respect to subject matter and authors 
may be maintained. 

See Chap, iv, art. 3, chap, vj, art. 1, 3, chap, ix; 
chap x, art 6 

(vi) The Committee on the Library, to consist 
of the Librarian, ex officio, as Chairman, and 
four other Fellows, one from each Class, who 
shall examine the Library and make an annual 
report on its condition and management. 

See Chap iv, art 3, chap vm, art. 1, 2; chap, x, 
art 6 

(vii) The House Committee, to consist of four 
Fellows, who shall have charge of all expenses 
connected with the House, including the general 


expenses of the Academy not specifically as- 
signed to the care of other Committees or Officers. 

See Chap, iv, art 1,3; chap, x, art 6. 

(viii) The Committee on Meetings, to consist 
of the President, the Recording Secretary, and 
four other Fellows, who shall have charge of 
plans for meetings of the Academy. 

See Chap, iv, art. 3, chap x, art 6. 

(ix) The Auditing Committee, to consist of 
two Fellows, who shall audit the accounts of the 
Treasurer, with power to employ an expert and 
to approve his bill. 

See Chap iv, art 3, chap vu, art 1, chap x, art 6 

(x) The Committee on Biographical Notices, 
to consist of six Fellows, two to be elected each 
year, one of them to be a Secretary of the Acad- 
emy, to see that biographical records of the 
Fellows and Foreign Honorary Members are 
provided. 

Article 3. The Standing Committees shall 
report annually to the Council in March on the 
appropriations severally needed for the ensuing 
financial year; and all bills incurred on account 
of these Committees, within the limits of the 
several appropriations made by the Academy, 
shall be approved by their respective Chairmen 

In the absence of the Chairman of any Com- 
mittee, bills may be approved by any member 
of the Committee whom he shall designate for 
the purpose. 

See Chap, vii, art. 1, 7, chap, x, art. 6 

CHAPTER XII. 

Meetings, Communications, and 
Amendments 

Article 1. There shall be annually eight 
Stated Meetings of the Academy, namely, on 
the second Wednesday of October, November, 
December, January, February, March, April, 
and May. Only at these meetings, or at ad- 
journments thereof regularly notified, or at 
Special Meetings called for the purpose, shall 
appropriations of money be made or amend- 
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ments of the Statutes or Standing Votes be 
effected. 

The Stated Meeting in May shall be the 
Annual Meeting of the Corporation 

Special Meetings shall be called by either 
of the Secretaries at the request of the President, 
of a Vice-President, of the Council, or of ten 
Fellows having the right to vote; and notifica- 
tions thereof shall state the purpose for which 
the meeting is called 

The Council shall have authority, as occasion 
may demand, to arrange additional meetings 
and to cancel any of the Statutory meetings, 
except that meetings for transacting business 
shall be held as required by the Statutes. 

Article 2. Twenty-five Fellows having the 
right to vote shall constitute a quorum for the 
transaction of business at Stated or Special 
Meetings Eighteen Fellows shall be sufficient 
to constitute a meeting for literary or scientific 
communications and discussions. 

Article 3. Upon the request of the presiding 
officer or the Recording Secretary, any motion 
or resolution offered at any meeting shall be 
submitted in writing. 

Article 4 No report of any paper presented 
at a meeting of the Academy shall be published 
by any Fellow without the consent of the author; 


and no report shall in any case be published by 
any Fellow in a newspaper as an account of the 
proceedings of the Academy without the previous 
consent and approval of the Council. The 
Council, in its discretion, by a duly recorded 
vote, may delegate its authority in this regard 
to one or more of its members 

Article 5 Fellows may introduce guests at 
any of the literary or scientific meetings of the 
Academy. 

Article 6 . The Academy shall not express 
its judgment on literary or scientific memoirs or 
performances submitted to it, or included in its 
Publications. 

Article 7. All proposed Amendments of the 
Statutes shall lie referred to a committee, and 
on its report, at a subsequent Stated Meeting 
or at a Special Meeting called for the purpose, 
two-thirds of the ballots cast, and not less than 
twenty-five, must be affirmative to effect en- 
actment. 

Article 8 Standing Votes may be passed, 
amended, or rescinded at a Stated Meeting, or at 
a Special Meeting called for the purpose, by a 
vote of two-thirds of the members present They 
may be suspended by a unanimous vote 

See Chap n, art 5, 8, chap in, chap iv, art .}, 4, o, 
chap v, art 1, chap vi, art 1,2, chap x art 7 
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STANDING 

1. Communications of which notice has been 
given to cither of the Secretaries shall take 
precedence of those not so notified. 

2. Fellows may take from the Library six 
volumes at any one time, and may retain them 
for three months, and no longer. Upon special 
application, and for adequate reasons assigned, 
the Librarian may permit a larger number of 
volumes, not exceeding twelve, to be drawn from 
the Library for a limited period 

3. Works published in numbers, when un- 

RUMFORD 

In conformity with the terms of the gift of 
Sir Benjamin Thompson, Count Rumford, of a 
certain Fund to the American Academy of Arts 
and Sciences, and with a decree of the Supreme 
Judicial Court of Massachusetts for carrying into 
effect tlie general charitable intent and purpose 
of Count Rumford, as expressed in his letter of 
gift, the Academy is empowered to make from 
the income of the Rumford Fund, as it now exists, 
at any Annual Meeting, an award of a gold and a 
silver medal, being together of the intrinsic value 
of three hundred dollars, as a Premium to the 

PERMANENT 

By an Agreement and Declaration of Trust 
dated Sept 5, 1928, the Boston Safe Deposit 
and Trust Company agrees to accept and hold 
gifts made to it as Trustee of the Permanent 
Science Fund and to pay the income 

to the American Academy of Arts and 
Sciences, to be applied to such scientific research 
“as shall be deemed charitable witlun the broadest 
possible construction of that term” in 

such sciences as Mathematics, Physics, Chemis- 
try, Astronomy, Geology, Geography, Zoology, 
Botany, Anthropology, Psychology, Sociology 
and Economy, History and Philology, Engineer- 
ing, Medicine and Surgery, Agriculture, Manu- 


VOTES 

bound, shall not be taken from the Hall of the 
Academy without the leave of the Librarian. 

4 Communications offered for publication 
in the Proceedings or Memoirs of the Academy 
shall not be accepted for publication before the 
author either himself or through some agent, 
shall have informed the Committee on Meetings 
of his readiness to use such time as the Com- 
mittee may assign him at such meeting as may 
be convenient both to him and to the Committee, 
for the purpose of presenting to the Academy a 
general statement of the nature and significance 
of the results contained in his communication. 

PREMIUM 

author of any important discovery or useful 
improvement in light or heat, which shall have 
been made and published by printing, or in any 
way made known to the public, in any part of 
the continent of America, or any of the American 
islands, preference always being given to such 
discoveries as, in the opinion of the Academy, 
shall tend most to promote the good of mankind; 
and, if the Academy sees fit, to add to such 
medals, as a further Premium for such discovery 
and improvement, a sum of money not exceeding 
three hundred dollars. 

SCIENCE FUND 

facture and Commerce, Education and any other 
science of any nature or description whether or 
not now known or now recognized as scientific; 
and may be applied to or through public or pri- 
vate associations, societies or institutions, 
or to or through one or more individuals. 

Disbursements from income are voted by the 
Council of the Academy upon recommendations 
from the Committee on the Permanent Science 
Fund. A brochure comprising the First Decen- 
nial Report on the history and activities of this 
committee and a copy of the Agreement and 
Declaration of Trust is available on request to 
the Trustee at 100 Franklin Street, Boston, Mass. 
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Introduction 

In this paper the method previously used* m 
determining the compressions of seventeen ele- 
ments to 100,000 kg/em s is extended to a deter- 
mination of the twenty-one halogen compounds 
of sodium, potassium, rubidium, caesium, silver, 
thallium, and ammonium, of the corresponding 
seven nitrates, of sulfur, of silver bromate, of 
metallic lead both in the massive and finely 
powdered condition, and to a redetermination of 
the compression of metallic indium. 

The measurements on sulfur and all the salts 
except NHiNOj were made in 1941 and earlj 
1942, and have been waiting since for an oppor- 
tunity for publication The measurements on 
NH4NO*, lead, and indium were made early in 
1944, when opportunity was found to resume 
measurements. The apparatus lmd been left 
untouched in the interval, and on resumption of 
work functioned at once, with no important alter- 
ation in any of the constants, except for one 
matter to lie mentioned presently 

In addition to the measurements recorded here, 
data were also obtained for the compressions of 
arsenic, and of lead sulfide, selenide, and telluride 
The frictional resistance to the motion of the 
piston offered by these hard substances resulted 
in so great difference between the displacements 
with increasing and decreasing pressure that it 
did not seem worth while to subject the measure- 
ments to calculation. It can be stated, however, 
that no new transitions were found in the range 
above 50,000; the known transitions of the selen- 
ide and telluride below 50,000 were again en- 
countered. It will probably be possible to make 
satisfactory measurements on substances as hard 
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as these by a modification in technique which has 
been sufficiently used to show its promise. This 
consists in enclosing the substance in a thin cap- 
sule of indium, by which the stress on the outside 
of the specimen is reduced to an approximate 
hydrostatic pressure Any measurements by 
this technique will he reserved for a future com- 
munication 

Method of Measurement and Calculation 
As compared with the previous work already 
described in full detail, little change was made 
in the experimental technique A revised method 
of calculation was adopted, however It will be 
recalled that the method is a differential one, in 
which the piston displacement is determined as a 
function of pressure when the piezometer is filled 
with the substance under investigation and when 
filled with gold, it being assumed that the com- 
pression of gold is known In any single run the 
measured piston displacement is a function not 
only of the pressure prevailing inside the high 
pressure piezometer, hut also of the hydrostatic 
pressure in the surrounding liquid, of the pressure 
driving the piston by which this pressure is pro- 
duced (that is, it is a function of the friction on 
the ram of the hydraulic press), and of the exter- 
nal pressure applied to the cylinder of the 30,000 
apparatus to prevent it from bursting, the effect 
of this external pressure being to lengthen the 
30,000 cylinder and give an apparent component 
to the displacement of the piston of the 100,000 
piezometer. In the previous method of calcula- 
tion mean values were applied for these various 
disturbing effects, the corrections being calcu- 
lated at the extreme points on the basis of the 
average of manj runs and the corrections for 
intermediate points were determined by linear 
interpolation. The new method of calculation 
was considerably more elaborate in that the three 
corrections were calculated in detail at e\ er\ 
point from the various actual readings at that 
point In general, the new procedure gives lower 
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values for the volume decrements, the decrease 
being confined almost entirely to the lower end 
of the pressure range from 25,000 to 50,000 
kg/cm 1 . The presumptive superiority of the 
new and more elaborate method is established 
by the fact that the revised method gives better 
agreement with the previous measurements* on 
the halogen compounds in the common range. 
These compounds had been previously measured 
in the range from atmospheric pressure up to 

50,000 kg/cm*. 

A fundamental datum necessary in the calcula- 
tions is the compression at 25,000 kg/cm*, this 
being the initial pressure of these measurements. 
The compressions at 25,000 of the halogen com- 
pounds had been previously determined, as just 
mentioned, but no such information was in 
existence for the nitrates or AgBrOj. Independent 
measurements were therefore made of the com- 
pression of these substances to 25,000 kg/cm* 
These were made by a new method with a new 
apparatus which permits rapid measurements of 
sufficient accuracy. The measurements will be 
described in the paper* immediately following; 
only the results will be used here. 

An improvement has been introduced in the 
method for determining the compression co- 
efficient of the corapressometer which permits its 
rapid determination, while the compressometer 
is mounted in the 30,000 apparatus in situ ready 
for the measurements to 100,000. The constant 
freshly determined by this method was a few per 
cent lower than in the original determination by 
the former method several years ago. 

The difficulty on resuming measurements re- 
ferred to at the end of the second paragraph of 
the introduction was the following A new ma- 
nipulative trick which much facilitated assembly 
was adopted on resumption of work; this con- 
sisted m holding one of the loose carboloy 
plattens in position with a minute gob of wax. 
Many irregular results, including spurious poly- 
morphic transitions, were traced after much 
time and effort to the account of the wax. At 
low pressures the wax dissolves in the iso- 
pentane by which pressure is transmitted and is 
carried in solution between the carboloy platten 
and the grid with which the compressive stress 
on the piston is measured . The first few thousand 
atmospheres precipitates this wax in a thin film 
and freezes it hard; later, when the pressure in 
the 100,000 piezometer has reached something 
over 50,000, it is plastically squeezed out in the 
solid condition, resulting in a spuriously large 


piston displacement which may simulate a transi- 
tion. The remedy is scrupulously to free all 
internal parts of the assembly from any grease or 
similar substance. 

Most of the substances were independently 
measured with two different piezometers, and 
the final results are the mean of two runs. Seven 
different piezometers were used in all, sufficient 
to permit definite conclusions as to the best grade 
of carboloy to be used in their construction. 
Five of these piezometers were made of carboloy 
no. 905, the grade which was found to be the 
most successful for the pistons in the measure- 
ments of volume changes already published up to 

50.000 kg/em*. These five piezometers broke 
after respectively seven, twelve, seven, six, and 
five exposures to 100,000 kg/cm*. Of the two 
remaining piezometers, one was of grade no. 55A 
and the other of grade no. 779. The first of 
these has at the date of writing survived 55 ex- 
posures without fracture and the second 35. The 
inferiority of grade no. 905 for this purpose is 
manifest. 

Experimental Details 

The material used in these measurements was, 
with few exceptions, the same as that used in 
previous measurements either of the compressions 
to 50,000, or in explorations for polymorphic 
transitions to 50, 000, 4 and has already been 
described in previous papers. My old stock of 
single crystal Nal was exhausted and the material 
used here was obtained from the stock room of 
the Harvard Chemical Laboratory, melted in 
platinum, and the clear parts of the solidified 
product selected NHiCl and NBUBr were also 
fresh material from the stock of the chemical 
laboratory, used directly without further purifi- 
cation The lead was special lead of 99.9999 per 
cent purity, as in the previous paper. 

There follow now the pertinent details con- 
nected with the measurements of the individual 
substances. In the final results the mean of two 
independent runs was usually used, and this 
mean was smoothed so as to give smooth first 
differences over the entire pressure range from 
zero up, making a compromise between the 
present and former determinations in the common 
range. 

In Table I certain, data are given which will 
permit an estimate of the internal consistency 
of the measurements. This table gives the 
difference between the volume decrement at 

100.000 kg/cm* as determined with either of the 
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N*C1 

N*Br 


CbI 

AgCI 

AgBr 

Agl 

T1C1 

TIBr 

Til 

NH.Cl 

NHiBr 

NH.I 

8 


Ph 


TABLE 1 
Difference be- 
tween mean Preceding 

AV/V» at column aa 
100,000 and traction or 
Individual maximum 

007 033 

007 032 

011 041 

008 028 

014 041 

010 020 

000 000 

006 017 

014 030 

005 021 

007 .026 

012 041 

000 00 0 

005 030 

003 014 

010 045 

011 043 

010 044 

010 040 

017 045 

001. 010 


Difference be- 
tween former 
AV/V, at 
50.000 and 
new smoothed 
result 
+ 004 
+ 007 
t Oil 
+ 004 
1 000 
+ 007 
+ 015 
+ 012 
+ 016 


-f 006 
h 002 
+ 010 
+ 013 
h 014 


1 005 



two individual piezometers and the mean of the 
two, both as absolute volume decrement, the 
volume at atmospheric pressure being taken as 
unity, and as the fraction which the difference is 
of the total volume decrement at 100,000. The 
discrepancy between the two runs was in nearly 
all cases a maximum at 100,000. Of the sub- 
stances listed in Table I, measurements were 
made on Agl with only one piezometer, and 
although measurements were made on NHJ 
with two piezometers, the values obtained with 
one of them differed so much from the values 
previously found up to 50,000 that they were 
discarded and the values listed later in Table IV 
are based on those obtained with the other 
piezometer only. The difficulty with NHJ is to 
a large extent characteristic of the particular 
material. This has a large polymorphic transi- 
tion at a pressure of only a few hundred kilo- 
grams; the volume change is so large that it can- 
not possibly be compensated by the differential 
compressibility of steel and carboloy, as described 
in the previous paper, with the result that oppor- 
tunity is afforded for the capricious trapping of 
liquid inside the solid resulting in too large com- 
pressions. The only way of telling whether this 
capricious trapping has occurred is by the inter- 
nal consistency of the results; the discarding of 
markedly discordant runs would seem to be 
justified under the conditions. 

The agreement of the two runs for lead and 


indium is, both absolutely and fractionally, better 
than on the average for the salts, in spite of the 
fact that the absolute magnitude of the volume 
decrement is greater for the salts. This is with- 
out doubt a consequence of the much greater 
softness of the two metals, resulting in better 
agreement between the displacements with in- 
creasing ami decreasing pressure Measurements 
were made on both lead and indium in the new 
apparatus for 25,000 For indium there are pre- 
vious measurements for comparison 6 both in the 
range up to 50,000, and also to 100,000, computed 
by the old method Compared with previous re- 
sults, the new results are somewhat higher in the 
neighborhood of 50,000 than the previous results 
with the 50,000 apparatus, and somewhat lower 
than the previous results to 100,000 over the 
entire range. These differences are in the usual 
direction. 

Measurements were made with only one pie- 
zometer on each of the nitrates, this was the same 
piezometer for all The difference between 
increasing and decreasing pressure was about 
the same for the nitrates as for the halogen com- 
pounds, and the probable accuracy should be 
about the same. There are no previous measure- 
ments on the compression of nitrates to 50,000 
for comparison 

Table I also lists the discrepancy between the 
values formerly obtained for the volume decre- 
ments at 50,000 and the values now adopted on 
the basis of the smoothing process over the entire 
range. This discrepancy is always of the same 
sign; that is, the value adopted here for the 
volume decrement is consistently greater at 
50,000 than the value previously found from the 
measurements in the range from atmospheric to 
50,000 This indicates a consistent error in the 
measurements somewhere It seems probable 
that this consistent error is m the previous 
measurements to 50,000 and is connected with 
the fact that we are here dealing with the end of 
the range. It is always more difficult to get 
reliable measurements up to the end of the range 
than in the middle of the range. The sign of the 
discrepancy is doubtless associated with the fric- 
tion, which of course is greatest at the top of the 
range. 

The smoothed values adopted for 50,000 are 
also consistently less than those which would have 
been indicated by the measurements of this paper 
for the range 25,000 to 100,000. We are here 
dealing with the lower end of the pressure range 
and therefore probably with the inverse of the 
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effect above. Thut is, this method tends to give 
too large volume decrements at the lower end 
of the range and too small decrements at the 
upper end of the range. The accuracy of the 
present measurements is prohnhlv greatest in the 
range from 50,000 to 75,000. 

Discussion ok Resilis 

The numerical values of the volume decre- 
ments, in terms of the volume at atmospheric 
pressure as unity, are given in Tables II to VI 
and are plotted in Figures 1 to 4. 

No elaborate discussion of these data will lie 
attempted. Qualitatively the behavior in the 
range from 50,000 to 100,000 is merely a con- 
tinuation of that already found m the range 
1k‘Iow 50,000. There is very little tendency for 
the curves of volume decrement to cross above 
,50,000, and the few examples of it limy be due 
to experimental error In a general way the 
atomic contributions to the volume decrements 
are distinctly recognizable and are the most 


TABLE IV 



10.000 or>« ona I02 1 - oor, 189» 050 192“ 

20.000 OOK 197* 235 113 209 090 2S0 

30.000 132 230 271 151 228 123 258 

40.000 KIO 257 301 182 240 152 282 

50.000 184 270 320 208 203 177 302 

60.000 205 298 318 230 278 198 320 

70.000 223 314 362 240 202 210 335 

80.000 230 327 376 266 305 232 350 

90.000 253 338 388 281 317 245 363 

100,000 206 348 398 294 328 256 376 

* Transition at 18.200, A VV/.'s at transition 105 and 190 

b Transition at 4,050, A VV/o's at transition 035 and 16) 

• Transition at 3.000, A VV/.’s at transition Oil ±& 174 

i Transition at 560 , A VV/t's at transition 003 ±& 143 


TABLE V 




A V/V 0 
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Figure 1 The volume decrements of the chlorides 
ns a function of pressure. The order of the curves at 
100,000 kg/cm*, reading from top down, is Ub. K, Cs, 
NT I t , Tl, Ns, and Ag 


Figure 3 The volume decrements of the iodides as 
a function of pressure The outer of the curves at 
100,000 kg/cm J , leading from top down, is ltb, NH,, 
K, Ag, Cs, Na, and Tl 



as a function of pressure. The order of the curves at 
100,000 kg/cm*, reading from top down, is. Rb, K, Cs, 
NH«, Tl, Na, and Ag. 
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Figure 4. The volume decrements of the nitrates as 
a function of pressure The order of the curves at 
100,000 kg/cm’, reading from top down, is K, Cs, NH,, 
Rb, Ag, Na, and Tl 
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important factor in determining compression at 
these high pressures. Disregarding the effect of 
polymorphic transition, and other things being 
equal, the compression increases on passing from 
chloride to bromide to iodide. The nitrates are 
about as compressible as the corresponding 
chlorides. With regard to the atom of the metal, 
the compression increases in the series sodium, 
potassium, rubidium, and caesium. The com- 
pounds of thallium in general show about the 
same compression as the corresponding sodium 
compounds, and the compounds of ammonium 
the same as those of potassium or rubidium. The 
compounds of silver are distinctly less compress- 
ible than those of any of the other metals just 
enumerated. 

The falling off in compressibility with increas- 
ing pressure may be exhibited by comparing the 
volume decrement for the interval atmospheric 
to 50,000 with that for the interval 50,000 to 
100,000 These values are listed in Table Vli, 
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TABLE VII 

Comparison or Volume Decrements at Low anb 
Hioii Pressures 


IV/ 1. 

Substance 0-50,000 
Nad 135 

CsCI 100 

TICI 144 

NIIiCI 104 

NaBi 153 

OsHr 180 

TllJr 152 

NH.llr 170 

Nal 184 

Csl 208 

Til 177 

ltbNO, 157 

CsNO, 105 

TINO, 137 

NH.NOi 102 

AgllrOi 104 

Pb 080 

In 003 

S .208 


AV/V. 

50,000- 100,000 Ratio 

075 1 80 

007 2 48 

000 2 08 

073 2 11 

000 2 22 

080 2 10 

071 2 13 

074 2 20 

082 2 24 

080 2 42 

070 2 24 

001 2 71 

057 2 41 

001 2 06 

050 3 08 

050 1 60 

002 l 52 

060 3 14 


and are plotted in Figure 5 Figure .» dearly 
shows the well known fact that in general the 
greater the absolute compressibility of a sub- 
stance the more rapid its relative decrease of 
compressibility with increasing pressure It 
would, in fact, be surprising if something like this 
were not approximately the case, this being a 
geometrical consequence of the fact that an upper 
limit to the volume decrement is unity, negative 
volumes being meaningless. Figure 5 also brings 
out another general tendency, namely that other 
things being equal the substance with the more 
complicated atomic structure experiences the 


Figure 5 The ratio of the volume decrement 0 to 
50,000 kg/cm* to the decrement 50,000 to 100,000 
kg'em 3 plotted against the volume decrement 0 to 
50,000 kg/cm s 

greatest relative decrease of compressibility with 
increasing pressure. This again would be ex- 
pected on rather general grounds. The more 
complicated structure may be expected to have 
more internal vacancies or more “slack” to be 
taken out l»y the initial application of pressure 
In this respect the solid with complicated struc- 
ture approaches more closely to a liquid, in which 
there is a large amount of internal slack und a 
rapid initial decrease of compressibility with 
increasing pressure. 

Only three examples of new polymorplne forms 
were found- NaNO s , AgCl, and AgBr. It is 
perhaps surprising that not more were found, 
although in explanation it is to be commented 
that already ut low pressures most of these sub- 
stances must have already acquired about their 
maximum simplicity and symmetry of structure 
It is probable that the transitions of AgCl and 
AgBr are from the face centered lattice, which is 
the stable form at atmospheric pressure, to the 
body centered lattice, in analogy with the transi- 
tions of the potassium and rubidium halides 
It is of some interest that no transition was found 
for the sodium halides. A formal extrapolation 
of the results already found for the halides of 
rubidium and potassium might lead to the expec- 
tation of transitions of the sodium salts in the 
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new range. However, a careful calculation of the 
probable energy relations by Dr. Jacobs* has 
indicated that the probability of the transition 
fades out of the picture somewhere between 
potassium and sodium, and these experimental 
results support his conclusion. 

There does not seem to be any simple method of 
guessing what the type of transition is for NaNO», 
the nitrates exhibiting a number of possibilities 
in the way of transition 

On the basis of previous measurements 7 it 
might have been expected that transitions would 
have been found for rubidium, caesium, and 
silver nitrates. However, if the previous work is 
consulted it will be found that the transition of 
CsNOj, which occurs in the neighborhood of 
30,000, was getting so sluggish that it could not 
be picked up even with the former apparatus at 
temperatures below 125°. RhNQa similarly, 
which according to the former measurements has 
a transition at room temperature in the neighbor- 
hood of 17,000 kg/crn 3 , is nevertheless so sluggish 
at this temperature that the band of indifference 
was 14,000 kg/cm 8 wide. It is therefore probable 
that the transitions of both CsNOj and RbNOt 
were totally suppressed in this work, and that 
the volume decrements listed here apply to the 
ordinary modifications, compressed far into their 
regions of thermodynamic instability. AgNO», 
on the other hand, according to previous work 
has a couple of transitions between 30,000 anti 
45,000 which might have been picked up. It is 
to be remarked, however, that the first of these 
transitions, from II to III, is sluggish, and may 
have been suppressed, the much greater speed 
and the much smaller quantity of substance in 
these experiments both being factors favoring 


suppression of the transition. It is true that the 
second transition found before, from III to IV, 
was not sluggish at room temperature, but if the 
transition from II to III had not previously 
occurred we would be concerned at high pressures 
with the transition II to IV, instead of III to IV, 
and there is no basis for judging whether the 
former transition would be sluggish or not The 
probability is, therefore, that all transitions were 
suppressed, and that the volume decrements of 
Table V are the decrements for phase II. Taken 
altogether, these results give increased probability 
to the correctness of Tammann’s thesis, for 
which there was already much favorable evi- 
dence, that the probability of transition to the 
thermodynamically stable modification passes 
through a maximum ami then decreases as 
pressure increases along an isotherm away from 
the point of reversible transition 

It is a pleasure to acknowledge the skillful 
assistance of my mechanic Mr. Charles E. Chase. 

Research Laboratory ok Pm si < s, 

Harvard University, Cambridge, Muss 
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Introduction 

In the following, n new apparatus is described 
by which the cubic compression of solid sub- 
stances may be rapidly determined m the pres- 
sure range from atmospheric to 25,000 kg/cm 2 at 
room temperature, and the results obtained with 
it are presented for 6 elements, 26 salts, 1 5 organic 
solids, and 14 artificial and natural rubbers. 
The apparatus operates on about 0 1 cm* of 
material, requires two hours or less for the com- 
plete run, including assembly, and disassembly 
ready for the next run, with 30 readings uniformly 
spaced over the pressure range. The individual 
points He smoothly on a curve within 1 part in 
2000 of the initial volume or better, depending 
on the nature of the material, with correspond- 
ingly greater accuracy in the mean curve 

Apparatus and Method 
The method is a development of the method 
previously used 1 for the determination of com- 
pressions and polymorphic transitions to 50,000 
kg/cm*. By this method, the material, enclosed 
in a sheath of a soft metal, usually indium, in 
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order to ensure that the stress should In* approxi- 
mately hydrostatic, was placed in a steel con- 
tainer with an external conical surface fitting a 
steel sleeve, so designed that when the internal 
pressure increased the external pressure simul- 
taneously increased, thus resisting the tendency 
to fracture. The volume compression was de- 
termined from the motion of the piston with 
which pressure was generated. The reduction 
of the measured piston displacement to volume 
decrement involved a number of corrections, 
which were somewhat in doubt because of fric- 
tion and hysteresis. The pressure range was so 
high that the containers were subject to slow 
creep in dimensions, which always eventually 
resulted in fracture after anywhere from 10 to 
100 applications of pressure. 

The new and modified method in the first 
place restricts the pressure to one half the former 
range, with the object of avoiding creep and 
fracture and permitting the indefinite use of the 
apparatus. This appears to have been successful, 
and to date some 200 applications of 25,000 have 
been made with no fracture of any part of the 
apparatus and no measurable change of any 
dimension. The corrections, furthermore, are 
much simplified and minimized by so designing 
the apparatus that the change of cross sectional 
area of the container under internal pressure is 
small, leaving as the one most important out- 
standing correction one for the longitudinal com- 
pression of the carboloy pistons. 

The apparatus is shown in detail in Figure 1. 
It is mounted on the same "tandem'’ hydraulic 
press that was previously used in the measure- 
ments to 50,000. This press comprises in the 
first place a 6-inch plunger, by which the pressure 
vessel is pushed as a whole into its conical sleeve 
so as to generate the external pressure resisting 
fracture. Riding on the 6-inch piston is a 3.5 
inch piston by which pressure is exerted on the 
inside of the high pressure chamber. The core 
of the high pressure vessel itself is made of car- 



Figure 1 General assembly of compressibility apparatus. The charge whose compression is to be meas- 
ured is shown at J The relative motion between the points A and B is taken off by means of the feeler rods 
C and D and a yoke and 1/10,000 gauge (not shown) The compression member Z is actuated by the ram of 
the 3 5 inch press (not shown), and the conical vessel is pushed into its supporting collar by means of Q and 
H actuated by the ram of the 6 inch press (not shown). The members E and F transmit the total thrust to 
the top platten of the tandem press (not shown). 
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boloy, grade no. 905, 0.47 inches long and 0.63 
inches outside and 0.25 inches inside diameter, 
ground with a taper of 0.010 inches on its total 
length, and forced into the surrounding conical 
steel block to such an extent as to expand the 
inside of the steel block by 0.004 inch. In opera- 
tion, the two pistons of the tandem press are both 
directly connected to the single source of hy- 
draulic pressure, instead of being connected 
through a multiplying mechanism by which the 
pressure on the two pistons was previously 
maintained at a fixed ratio different from unity. 
In this way operation was simplified and error 
from friction in the multiplier avoided. The 
dimensions and angle of the steel block into 
which the carboloy core was forced were so 
chosen that the pressure on the outside of the 
carboloy was automatically maintained at about 
one quarter of the internal pressure. Under 
these conditions the internal expansion of the 
carboloy container keeps pace with the small 
lateral expansion of the carboloy piston so that 
the crack around the piston remains of constant 
size, and the tendency to leak, or the friction 
with the piston, does not increase It is to be 
remarked that apart from the other improve- 
ments in design, merely by making the core of 
carboloy the distortions were cut down to one- 
third of what they would have been with steel, 
because of the higher elastic constants of carboloy. 

The charge, whose volume compression is to be 
measured, occupies the central part of the car- 
boloy core, and is approximately 0 125 inches 
long and 0.250 inches in diameter. These dimen- 
sions are a compromise. The longer the charge, 
the greater the change in length for a given 
change of pressure, that is, the greater the sensi- 
tivity, but on the other hand, the greater the 
length, the greater the friction and the greater 
the error from difference between displacements 
with increasing and decreasing pressure. Theo- 
retically, the ratio of the frictional force to the 
total compressing force may be made vanishingly 
small by indefinitely reducing the ratio of the 
surface on which the friction acts to the area on 
which the total compressing force acts, that is, 
by making the charge in the form of an indefinite- 
ly thin disc. But in this case the displacements 
which measure the volume compression also 
become vanishingly small. The dimensions 
just mentioned were chosen after some trial as 
giving a reasonable compromise. 

The charge is compressed between two cylin- 
drical carboloy blocks, the upper block in Figure 1 


being held rigidly in place against a carboloy 
anvil inserted into the steel retaining screw, and 
the other block constituting the compressing 
piston. The relative displacement of the ends of 
these two blocks was measured by steel feeler 
rods reaching in through axial holes in the sup- 
porting carboloy anvil blocks us shown, and 
connected with an Ames 0.0001 inch jeweled 
gauge. The gauge had been specially selected 
by the manufacturers from a large number 
because of its negligibly small calibration errors. 
The relative displacement, measured in this way, 
is, except for the distortion of the blocks, the 
ehungc of length of the charge, and from this, if 
the change of cross section of the charge is 
known, the volume decrement of the charge may 
be at once obtained. The distortion of the 
blocks consists primarily of a shortening, but 
superposed on this the faces in contact with the 
charge may not remain flat. With the dimen- 
sions chosen the effect of any warping of the 
plane ends of the blocks appears to be negligibly 
small, but the warping becomes relatively more 
important as the thickness of the charge is made 
smaller, and eventually would impose u limit, 
entirely apart from the effect of the decrease of 
the absolute magnitude of the measured displace- 
ment as the disc becomes thinner. 

With the actual dimensions of the charge, 0.25 
inch diameter and 0.125 inch long, the friction 
on the walls of the carboloy container generated 
by the longitudinal motion connected with the 
compression would have been excessive for most 
solid substances, so that it was necessary to 
surround the charge with a sheath of indium, as 
in previous work. The indium is so soft that it 
will support only an approximately hydrostatic 
pressure, thus producing the proper stress system 
on the charge and at the same time eliminating 
most of the friction on the walls. The indium, 
in weighed amount, usually in the neighborhood 
of 0.140 gm., was formed into a cup shaped 
sheath in place in the carboloy container with a 
suitably shaped forming tool, the thick bottom 
of the cup being in contact with the moving 
carboloy piston, and the thin edge of the cup 
being in contact with the stationary carboloy 
block. (Figure 2.) The solid to be measured was, 
if originally in the form of powder, formed into 
a conical slug by compression "tn a split mold, or, 
if it was coherent enough, was turned in the lathe 
from the massive block to such dimensions as to 
fit the inside of the indium cup. The indium was 
prevented from leaking past the carboloy pistons 
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by thin conical steel rings as indicated in the 
figure. These rings were made initially about 
0.001 inch too large in diameter, but because of 
their thinness they could be seated in position 
with the exercise of only a moderate force They 
were effective in preventing any detectible leak. 
The quantity of steel in the sealing rings was 
controlled by weighing, the weight being about 
0.015 gm each. A slight correction was applied 
for the compression of the rings. 

Pressure was applied to the two pistons of the 
tandem press through the medium of ordinary 



Fiourb 2 Detail of compression sample, showing 
the sample in the cup shaped indium sheath with the 
conical closure nngs. 


machine oil and the conventional hand pump 
The feeding pipe passed through a dead weight 
free piston gauge in series between pump and 
press. Freedom of flow through the connecting 
pipe between free piston gauge and press was 
lowered by plugging the pipe with a wire of 
diameter only slightly less than that of the pipe. 
In this way any pulses of pressure originating in 
the pumping or changing of weights on the gauge 
were avoided. This was necessary because 
pressure must increase or decrease monotonicaJly 
in order to regularize what small friction effects 
there are and to justify eliminating them by 
taking the average of readings with increasing 
and decreasing pressure. 

After setting up the apparatus, a preliminary 


application of the maximum pressure, about 
26,500 kg/cm*, was made in order to consolidate 
the contents. The initial zero may, depending 
on the degree of success in getting rid of all voids 
in the initial filling, be displaced by a consider- 
able amount by this first application, but the 
piston reading at the first maximum of pressure 
seldom if ever differed by more than 0.0001 inch 
from the reading on the second maximum, show- 
ing the effectiveness of the preliminary applica- 
tion of pressure in removing all voids and bring- 
ing to a steady state. After the seasoning appli- 
cation, pressure was increased in steps of approx- 
imately 2,000 kg/cm 2 by the addition of weights 
to the piston of the dead weight gauge, and the 
corresponding readings made on the Ames gauge. 
Within the limits of comfortable operation of the 
apparatus, there were in general no time effects, 
but after every increase of pressure there was no 
creep in piston displacement, at least after the 
lapse of the 20 or 30 seconds after the piston 
gauge had reached equilibrium which was neces- 
sary before a reading could he made. Thermal 
effects are of course to be expected after every 
increase of pressure; the rapid attainment of 
equilibrium here is a consequence of the small 
size of the apparatus and its good thermal 
conductivity. The only point at which there was 
perceptible creep was at dead zero, where the 
elastic recovery imparted by the remnants of 
shape of the charge might result in the gradual 
development of voids. The dead zero reading 
was not used in the calculations, the first point 
being put at about 250 kg/cm ! . The actual 
process of making the run, increasing and de- 
creasing pressure in steps of 2,000 kg/cm 1 and 
recording the readings required something of the 
order of 20 minutes. The rest of the operations 
of assembly, disassembly, plotting the points, etc. 
could be done without undue haste, if there were 
no unusual hitches, so as to make the total time 
of a run about one and one half hours. 

It was intended to make the method differen- 
tial like its predecessor. At first, measurements 
on a given substance were compared with blank 
runs in which the substance was replaced with 
an equivalent amount of gold, and the compres- 
sion computed by difference, assuming the com- 
pression of gold known. The blank runs showed 
such a high degree of uniformity, however, that 
they were eventually discarded, their final 
function being merely to give the compressive 
distortion of the carboloy pistons. It turned out 
.that the correction for the change of crops section 
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of the carboloy core was negligible, so that the 
final result could be obtained directly from the 
measured displacement, making one subtractive 
correction for the shortening of the pistons, 
another for the compression of the indium sheath, 
which was known in terms of the weight and the 
previous measurements of the compression of 
indium, and a very small correction for the com- 
pression of the steel sealing rings which was 30 
nearly constant that it could be incorporated 
into the correction for the shortening of the pis- 
tons. The ratio of the corrected displacement to 
the initial effective length of the charge then 
gives at once the fractional change of volume, 
the relative change of cross section, as just men- 
tioned, being negligible. 



Figure 3 Typical compression curve. 


The method as just described was arrived at 
only after a good many exploratory attempts to 
develop a method for the rapid measurement of 
the compressibility of solids to high pressures 
which should exploit the great ease with which 
rapid measurements of small displacements can 
be made with the jeweled Ames 0.0001 inch 
gauge, and the possibility of getting very high 
stresses in small regions of carboloy apparatus 
suitably supported by the surrounding parts. It 
is possible to reach pressures of more than 100,000 
kg/cm 2 in carboloy apparatus similar to my 
shearing apparatus, and to measure the displace- 
ments of the pistons in compressing a very thin 
disc of material. Or, by making the disc some- 
what thicker and compressing into a shallow 
cavity excavated in the face of a carboloy block, 
greater sensitiveness can be attained, but not 
such high pressures. None of the many other 


schemes tried, however, was encouraging from 
the point of view of accuracy and reproducibility, 
the distortions in the carboloy corresponding to 
dishing of the flat face of the piston in the 
apparatus above being too large a fraction of the 
total effect. 

In Figure 3 is shown a typical curve of dis- 
placement versus pressure. The branch with 
increasing pressure, from 0 to A, is typically 
perfectly smooth, but the branch with decreasing 
pressure consists of three more or less distinct 
portions. The last part of the return excursion, 
from C to 0, is smooth, and the difference of dis- 
placement compared with the ascending branch 
is approximately proportional to the pressure. 
The obvious interpretation of this portion is that 
the difference between the two branches is due to 
friction, which would be expected to lie propor- 
tional to pressure, and that the proper mean to 
take is the arithmetic mean of the displacements 
with increasing and decreasing pressure. Before 
reaching C on releasing pressure the readings 
run through a stretch from B to C m which the 
difference, between readings with increasing and 
decreasing pressure is approximately constant 
The first portion of the return path, from A to B, 
is merely a connecting link, without special 
significance, in which the full reverse motion of 
all parts of the charge gets progressively estab- 
lished. The interpretation of the constant differ- 
ence between ascending and descending branches 
between B and C is suggested by my experiments 
on shearing under pressure. 2 Here it was found 
that when one solid is forced to slide over another 
under continually increasing normal pressure, 
at first the force resisting motion is an ordinary 
frictional force, arising from surface slip, and is 
proportional to the normal pressure, but when 
the normal pressure reaches such a value that 
the frictional force becomes equal to the stress 
required to produce internal plastic flow, surface 
slip ceases, and further relative motion is accom- 
plished by internal plastic flow, the force being 
to a first approximation, and for not too wide 
pressure intervals, independent of pressure. This 
phenomenon was taken to be the interpretation 
of the constant difference between the two 
branches from B to C, and consequently the cor- 
rected mean curve between B and C is to be taken 
as half way between the ascending and descend- 
ing curves, or, in this case, the curve for increasing 
pressure corrected by a constant additive dis- 
placement. Obviously the corrected curve be- 
tween the pressure at B and the maximum at A 
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cannot In: the mean of the displacements with 
increasing and decreasing pressure. If the above 
interpretation is correct, then the corrected curve 
between B and A is the curve for increasing pres- 
sure corrected by the same constant additive 
term as was used between A and B, neglecting 
the change with pressure of internal plastic flow 
stress, which previous work indicates is justified 
for this range of pressure. The data to lie given 
in the following were obtained by correcting the 
measurements in this way. 

The magnitude of the difference between 
aseending and descending curves is a strong 
function of the character of the material being 
compressed. It is least for soft metals. For 
indium the maximum difference in displacement 
between ascending and descending branches was 
only 0 0001 inch, which is of the order of one per 
cent of the maximum displacement for this 
metal. Probably only a small part of this differ- 
ence arises from internal friction in the indium, 
but rather arises from friction in other parts of 
the apparatus. Friction would be expected at 
the two pistons of the tandem press, and on the 
outside of the conical block of steel. The pistons 
of the press were specially treated to reduce 
friction to a minimum by making the packing 
thin , the conical steel block was lubricated in the 
conventional way with 0 002 inch lead foil 
smeared on both sides with a mixture of graphite, 
glycerine, and water. An upper limit to the 
friction from all sources except internal friction 
m the charge itself would seem from these experi- 
ments with indium to be 0 5 per cent. From a 
minimum difference of 0.0001 inch between 
ascending and descending branches for indium, 
the difference might rise to 0 001 inch, ten times 
as much. Ten times as much does not mean, 
however, ten times as great proportional error, 
because the absolute values of displacement were 
also larger for these substances. It was very 
seldom that the difference between ascending and 
descending branches reached as much as 5 per 
cent of the maximum displacement, or a dis- 
crepancy of 2.5 per cent between the mean and 
either ascending or descending branch. Of course 
the accuracy of the mean itself should be much 
higher than this. Even so, it perhaps requires a 
word of comment as to why there should be as 
much discrepancy as this. If the indium sheath 
functions as intended and maintains a hydro- 
static pressure on the charge inside it, one might 
perhaps at first expect no such effect at all, since 
hydrostatic compression is frictionless and with- 


out hysteresis. This applies, however, only to 
homogeneous material, isotropic or not. The 
material of these experiments was in most cases 
highly non-homogeneous, being compressed from 
powdered or granular material. If the material 
is non-cubic in its crystal structure, the linear 
compressibility is in general different in different 
directions, and the grains change shape under an 
external hydrostatic pressure. Therefore in a 
haphazard aggregate of grains of non-cubic 
material an external uniform hydrostatic pressure 
produces in general relative motion, with plastic 
flow and slip of one grain on another and hyster- 
esis. In support of this, the difference between 
ascending and descending branches was compara- 
tively small for cubic materials, even if the\ 
might he of comparatively high mechanical 
strength For example, the difference between 
different branches for NaCl was only about one- 
third as much us for naphthalene, although to 
ordinary mechanical stresses the latter is much 
more deformable than NaCl. 

The preliminary work in developing the appa- 
ratus and technique of measurement was done 
with NaCI-elenr single crystal stock The pre- 
sumptive accuracy of the method can be esti- 
mated from a comparison of the results obtained 
in this apparatus with previous results deter- 
mined in the pressure range up to 50,000 kg/cm 8 , 
as shown in Table I 


TABLE I 


Pressure 


5.000 

10,000 

15.000 

20.000 
25.000 


NaCl 


AV/V, 

Present Previous 

Measurements Measurements 
to 50.000 

0180 0102 

0862 0366 

0520 0523 


0664 0664 

0705 0708 


Detailed Results 

1. Elements. Occasion was taken to fill in 
certain gaps in the compressions of the elements 
which for one reason or another had not been 
previously measured to pressures high enough to 
give an indication of the change of compressi- 
bility with pressure. The new values are collected 
in Table II. 

Thallium. This has hot been previously meas- 
ured in the range below 25,000. Thallium 
crystallizes in the hexagonal system so that a 
complete description of the behavior under 
pressure demands a measurement of the linear 
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TABLE II 

OoMP«xaaioN or Elements 
4V/V, 

Pressure Thallium Arsenic Cadmium Indium Lead 

These From lineai 
measurements compression 

5.000 0130 0110 0100 0127 0110 ( 0112) 

10.000 0251 0221 0104 0241 0215 I 0219) 

15.000 0367 0309 02X3 0347 0315 t 0321) 

20.000 0470 0385 0308 0445 0411 ( 0419) 

25.000 0577 0447 0449 0637 0504 I 0513| 

compression parallel and perpendicular to the to be highly non-isotropic. The material was 
hexagonal axis of the single crystal. I had hoped highly purified single crystal stock prepared by 
when making the low pressure measurements Dr W. E. Danforth a number of years ago, the 
to be able to operate with the single crystal, same materinl as that used in a detailed study 
but have not yet successfully prepared single of the many anomalies of linear compressibility 
crystals of this metal, the difficulty with the and electrical resistance of this highly abnormal 
method which I had previously used for the other metal.* The sample used in the present measure- 
low melting metals being that thallium attacks ments was composed of a number of single cry stal 
the glass container. The volume compression grains compressed together in haphazard orien- 
eould now, however, be so easily obtained with tation The regular indium sheath was used 
the new apparatus that it seemed worth while, Considerable difference between readings with 
even if the results would not be complete. The increasing and decreasing pressure was to be 
material was some highly purified metal which I expected because of the mechanical hardness and 
had inherited from Professor T. W Richards, used high non-isotropy The maximum difference 
by him in his measurements of compression in between displacements with rising and falling 
the range up to 500 kg/cm* Thallium is so soft pressure was 10 per cent of the maximum dis- 
that it could be compressed directly into the placement. The average should be fairly good, 
carboloy container without the necessity for a because rising and falling curves were smooth, 
sheath of indium. The difference of displace- with no trace of the anomolies previously found 
ments with increasing and decreasing pressure in the linear compression, which indeed was not 
was at most only 2 per cent of the maximum dis- to be expected because those anomolies were on 
placement. The compressibility at atmospheric too small a scale. The initial compressibility 
pressure, extrapolated from these measurements, at atmospheric pressure, extrapolated from the 
was found to be 2.7 X 10~ 7 , against the value of present measurements, is 2 5 X 10~*. This is to 
Richards and White* of 2 78 in the range up to be compared with the value 3.2 X 10 _ * deduced 
500 The agreement is within the sensitiveness from my previous measurements of linear com- 
of the readings, and again gives presumptive pression in different directions, and the value of 
evidence of the reliability of this new method. Richards* of 4 4 X 10~* in the pressure range 

Measurements have already been presented 4 below 500 kg/cm 5 . The explanation of the latter 
for the compression of thallium in the 100,000 high value is doubtless the formation of voids 
apparatus, the range of those measurements because of unequal compressibility in different 
being from 25,000 to 100,000. At that time, directions. 

the fiducial change of volume at 25,000, necessary Cadmium. This material also does not crystal- 
for the calculations, had not been determined, lize in the cubic system, so that a complete 
and it was arbitrarily assumed that the volume description of the phenomena of compression 
decrement was the mean between that of lead demands a measurement of the linear compres- 
and indium, or 0.052. The fiducial volume dec- sion of the single crystal in different directions 
rement at 25,000 is now found by direct measure- The measurement of linear compression, how- 
ment to be 0.0577. This will permit a re-evalua- ever, encounters an unusual complication, be- 
tion of the compressions to 100,000, which will cause in the single crystal form there are poly- 
be given in a following paper. morphic transitions at comparatively low pres- 

Arsenic. This, like thallium, does not crystal- sures, 7 and on passing through them the single 
lize in the cubic system; it is furthermore known crystal form is lost, so that measurements of 


Ceylon 

Graphite 


0170 0138 
0323 0260 
0460 0366 
0*583 0468 
0718 0535 
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linear compression cannot he carried above the 
transition pressure. The average volume com- 
pression us measured here presents, therefore, 
only a partial picture, but seemed to be worth 
while in the absence of other information 

The material was spectroscopically pure, for 
which 1 am indebted to Dr H. M. Cyr of the 
New Jersey Zinc Co. It was mechanically soft 
enough so that it could lie used without the 
indium sheath without undue friction The 
initial compressibility at atmospheric pressure, 
extrapolated from the volume decrements given 
in the table, is 2 06 X 10~‘, which is to be com- 
pared with 2.21 X 10" * obtained indirectly from 
the measured elastic constants of the single 
crystal. 7 The anomalies previously found in the 
linear compression would not be expected to lie 
detectible with the present method. 

Indium. The reason for making new measure- 
ments on this metal was the continued use of its 
compression in correcting the other measure- 
ments. The material was probably not of special- 
ly high purity, it is part of the same stock that 
lias been used in all my other work. The new 
measurements should be better than any others 
hitherto made; it has already been mentioned 
that friction and hysteresis were reduced to a very 
low value. The deviation of the new values from 
those last published* for the range up to 100,000 
kg/cm 5 is not great; at 10,000, 0 241 now against 
0.023 previous; and at 20,000, 0.0445 now against 
0 045 previous. The new values to 25,000 have 
afforded the basis for improved measurements 
to 100,000 which have been communicated in the 
immediately preceding paper. 

Lead. The only previously published values to 
high pressures* reach to 45,000; these measure- 
ments were rough, being among the earliest ob- 
tained by this general method, before the later 
refinements had been worked out. 

The material was 99,9999 per cent purity lead, 
which I owe to the kindness of Dr. Phillips, to 
whom it had been sent by the Federated Metals 
Corporation, 120 Broadway, New York City. 
This material is particularly well adapted to the 
new method because of its mechanical softness 
It was used without the indium sheath; the maxi- 
mum difference between ascending and descend- 
ing readings was 0 0002 inch. The vulues now 
found are to be compared with the previous 
values in the range to 45,000 as follows : at 10,000, 
0 0215 now against 0.023 previous; and at 25,000 
0 0504 now against 0 050 previous. 

In addition tp these values, measurements as 


yet unpublished were made in 1939 by the 
method of linear compression with sliding potenti- 
ometer wire to 30,000 kg/cm*, using in the calcu- 
lations recently redetermined values for the 
linear compressibility of iron. They should have 
the highest accuracy that I have yet reached. 
A more detailed account will be published of this 
work when I have had opportunity to add more 
materials, which at present embrace only lead, 
aluminum, copper, and pure iron from two 
sources In the meantime, the results by this 
method are given in Table II for comparison, 
enclosed in brackets. The absolute values of the 
presumably more accurate method are consist- 
ently higher than by the method of this paper. 
It is significant, however, that the rate of de- 
crease of compressibility with pressure by the 
two methods is the same to the limit of significant 
figures It is to be emphasized that these two 
methods are quite independent of each other. 

On the basis of these new measurements the 
compression of lead has recently been measured 
up to 100,000; the results are given in the preced- 
ing paper. 

In connection with other measurements occa- 
sion arose to measure the compression of finely 
powdered lead. It might perhaps be expected, 
because of the mechanical softness of lead, that 
virtually perfect compacting would be achieved 
at these high pressures, and that the compression 
would be the same as that of the massive metal. 
This proved to be by no means the case, however. 
After the first application of 25,000 there was no 
further perceptible change of volume on the 
second and third applications. In spite of this, 
the compression, as shown in Table II, was con- 
sistently higher, initially by a factor of 1.54 and 
at 25,000 by a factor of 1.45 The density at 
atmospheric pressure of the powder after exposure 
to 25,000 was 10.74, against 1 1 34 for the massive 
pure metal. However, only a small part of the 
difference between these two densities probably 
represents voids in the compressed powder. The 
reason for this statement follows. The compres- 
sion measurements on the powder were con- 
tinued in the other apparatus to 100,000. After 
exposure to 100,000 the density was 10.86. The 
compression of the powder in the range between 
25,000 and 100,000 was sensibly the same as that 
of the massive metal. It is probable therefore 
that the pressure of 100,000 was enough to 
sensibly squeeze out all the voids. The difference 
lietween the densities 10.86 and 11.34 is probably 
to be laid to the account of impurities having 
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considerable mechanical strength, occluded on 
the surface of the grains of powder, perhaps 
oxides. In the present experiments only the 
difference between 10.74 and 10.86 is to be laid to 
voids. No simple method of effecting a recon- 
ciliation between all the figures just given presents 
itself, but at any rate we have here a dramatic 
instance of the very great difficulty of getting 
good values for the compression of compressed 
powders even under apparently the most favor- 
able conditions. 

Graphite. The only measurements of the com- 
pressibility of graphite in the literature were 
made by Richards and collaborators 11 on graphite 
from “both artificial and natural sources.” 

Measurements were now made on three differ- 
ent grades of material. The first of these was 
massive graphite prepared at Niagara Falls by 
the Norton Co., highly purified, and subjected 
before measurement to a further exposure to 
approximately 3000° C at atmospheric pressure. 
This material was very porous, the density at 
atmospheric pressure after a preliminary excur- 
sion to 25,000 being only 1.80. Measurements 
Were made on the massive slug, without the 
indium sheath. Under 25,000 kg/cm 2 it Experi- 
enced a volume change of 11.5 per cent, half of 
this occurring in the first 5,000 kg/cm*. In view 
of the high porosity it will not pay to give the 
results in greater detail, The results are chiefly 
valuable in emphasizing the extraordinary degree 
to which porosity persists after exposure to high 
pressures, even in materials comparatively weak. 

The second material was Acheson flake 
graphite, compressed to a slug completely filling 
the apparatus without the indium sheath. After 
exposure to 25,000 the density was 2 13, the 
volume change under 25,000 was 7 5 per cent 
The behavior was roughly like that of the Norton 
massive graphite, with elimination of the very 
compressible part of the curve in the first few 
thousand kilograms. The friction and hysteresis 
of both the massive and the Acheson graphite 
were not excessive, being about that of the aver- 
age material of these experiments. 

The third material was natural single crystal 
stock from Ceylon, in the form of flat flakes a few 
square centimeters in surface area and 0.010 to 
0.020 inch thick. Discs -of 0.25 inch diameter 
were cut from the flakes with a tubular cutter, 
and the discs were piled flat into the pressure 
chamber, without the indium sheath. The 
density at atmospheric pressure after precom- 
pression to 25,000 was 2.23. Results with this 


material were very satisfactory. Friction and hy- 
steresis were minimal, being no greater than for 
indium itself. Neither was there any region of 
abnormally high compressibility at the low pres- 
sures, but the internal evidence was that the 
material is sensibly compact. The volume decre- 
ment under 25,000 was 5.35 per cent; the results 
are given in Table II. The initial compressibility, 
extrapolated to atmospheric pressure, is 2 92 X 
10“*, to be compared with “not greater than 
2.9 X 10“*” by Richards and collaborators.* 1 
The compressibility of graphite appears to be 
about fifteen times as great as that of diamond, 
not a surprising result in view of the great differ- 
ence of densities. 

2. Inorganic Salts. 

A. Univalent Nitrates. Results have been pre- 
sented in the preceding paper for the compression 
of these substances in the complete pressure range 
up to 100,000 kg/cm*. The measurements with 
the present apparatus up to 25,000 were made 
primarily to provide the necessary fiducial volume 
decrement needed before the measurements to 

100.000 could be reduced, and also to provide the 
initial part of the compression curve, the com- 
pression of these substances not having been 
previously measured in any extensive pressure 
range. In general the materials were the same 
as have been used in previous investigations of 
polymorphic transitions under pressure refer- 
ence is made to the previous paper for details 
The results are given in Table III, to one more 
significant figure than m the preceding work to 
100,000. The values given here are those ob- 
tained immediately with the present apparatus, 
with no attempt to reconcile the measurements 
in the lower range with those to lie reported 
presently in the higher range. 

Apparently the only compressibilities in the 
literature by other observers for any of the 
nitrates are by Madelung and Fuchs 13 for NaNOs 
and AgNO». For the compressibility of these in 
the pressure range 200 to 500 kg/cm* they found 
3 75 and 3.60 X 10“* respectively against the 
values 3 8 and 3.5 given by extrapolation of the 
values in Table III. There are also measure- 
ments of my own 14 on the linear compression in 
different directions of the single crystal up to 

12.000 kg/cm*. The cubic compressibility ma\ 
be calculated from the linear compression. The 
initial compressibility is 3.85 X 10“* against the 
value 3.8 above. The volume decrement at 

10.000 kg/cm* obtained by calculation from the 
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Prewure 

kg/cm' NaNOi 

2.000 0074 

3,680 | 

5.000 0179 

9,800 | 

10.000 0339 

18.000 0482 

20.000 0611 

25.000 0728 


KNO, 

0135 

0229 

1129 

1185 


1378 0427 
1842 0608 
1682 0768 
1801 0913 


0247 0165 

0300 
0427 

0460 0443 

0645 0503 

0805 0725 

0943 0842 


TINOt NHiNO. 
0082 0117 


0199 0274 


0377 0499 
0534 0688 
0671 0845 
0790 0979 


TABLE III 

Commiimion or Nit HAT 18 
A V/V« 

RbNOi CtNOj AgNOi 

0093 0103 0068 

0225 


measurements on the single crystal is 0.0346 
agoinst 0 0339 of the present measurements. 

It is of interest to consider the relative com- 
pressibility of polymorphic forms at a transition. 
AgNOj experiences a transition at 9,500; the 
data in the table indicate that the low pressure 
form has a compressibility at the transition point 
of approximately 2 85 X 10“*, and the high 
pressure form at the same point has 3.25 X 10~*. 
That is, the compressibility increases on passing 
through the transition with decrease of volume, 
a result which appears paradoxical, but which 
nevertheless is the behavior ut the majority of 
transitions. KNOj, the only other nitrate with a 
transition in the present pressure range, shows the 
opposite behavior The low pressure form of this 
is highly compressible, and the compressibility 
drops rapidly with increasing pressure, from 
approximately 7 4 X 10“* at atmospheric pres- 
sure to 5 2 X 10"* at the transition point at 
3,600 kg/cm 2 The compressibility of the high 
pressure modification at this point is 4 2 X 10”*, 
a 20 per cent drop. Above 3,600 the compressi- 
bility drops at a slower rate than does that of 
the low pressure modification 
B Certain Halogenates and Pcrhalogenates. Pre- 
viously 14 a study has been made up to 50,000 
kg/cm 3 of the polymorphic transitions of univa- 
lent compounds of the types R HI Oj and R HI O*, 
where HI stands for one of the halogens chlorine, 
bromine or iodine. Measurements of the com- 
pressions of these same compounds are now given 
here In general, the materials were the same as 
used before, left from the previous work, and the 
previous paper may be consulted for such details 
as purity. Three of these substances, however, 
were new La CIO*, NaCIO*, and KCIO*. These 
had been specially purified by Professor K. 
Fajans, who was interested in their properties 
from another point of view, and who requested 
me to measure their compressions. He has dis- 
cussed the results in another place. 1 * The prepa- 


ration of these three salts offers unusual difficul- 
ties, and Professor Fajans exercised unusual 
precautions to secure high purity and freedom 
from moisture. They were supplied to me in 
glass stoppered paraffine covered bottles The 
pressure apparatus was set up as rapidly as 
possible in order to avoid absorption of moisture 
from the air. The entire time from opening the 
bottle to complete enclosing in the pressure ap- 
paratus and preliminary application of pressure 
was about 5 minutes; during most of this time 
the material was partially covered, exposed to air 
only on edges and corners 

Of these three perchlorates, LiCIO* has a 
transition not known before in the average neigh- 
borhood of 16,400 kg/cm s . The transition is very 
sticky, it does not start with increasing pressure 
until about 19,000, and runs slowly, probably 
being completed only just below the top pressure. 
On decreasing pressure the reverse transition 
does not start until reaching 13,000. The com- 
pression of the low pressure form should be satis- 
factory, but under the conditions the change of 
volume on passing through the transition and the 
compression of the high pressure phase can be 
expected to be only rough. 

The results are given in Table IV. In general, 
the compression increases on passing from lithium 
to sodium to potassium to rubidium to caesium, 
although there is an exception in the relative 
position of rubidium and caesium in the perchlo- 
rates. Analogy, and also experience with the 
simple halogen compounds of the type NaCl, 
would lead to the expectation that compression 
should similarly increase on passing from chlorine 
to bromine to iodine. This effect, however, is 
much less marked in these compounds. It is 
recognizable in the series NaClOj, NaBrO*, 
NalO*, but in the perchlorates of sodium, potas- 
sium, and rubidium there is a falling off of com- 
pression on passing from the chlorine compounds 
to those of iodine which seems beyond any possi- 
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*kg/cm« 6 NaCIO, KCIO. 

2.000 0060 0104 

6.000 0166 0260 

10.000 0307 1044* 

15.000 0431 1217 

20.000 0642 1362 

26.000 0644 1483 

• Transition at 7,600 with volume di 


TABLE IV 

Comkicmion or HaLOOXKATXS 


XV IV, 

CjCIOi NaBrOi AgBrOi 

0108 0071 0057 

0267 0171 0138 

0478 0320 0266 

0666 0450 0384 

0827 0567 0490 

0967 .0673 0586 


0388 and 0944 


NalOi KIO, NHtlOi 

.0068 0068 0057 

0165 0161 0138 

0312 .0298 0266 

0444 0417 0384 

0664 0622 0490 

0675 0619 0686 


Compression or Perhalogenatka 


Pressure 

kg/cm* LI CIO i NaClOi 

2.000 0078 0079 

6.000 0189 0191 

10.000 0369 0364 

16.000 0509 0519 

20.000 0802* 0659 

25.000 0928 0784 


XVIV, 

KCIO, RbClO, CsClO, 

0088 0102 0008 

0213 0246 0232 

0404 0460 0427 

0574 0047 0508 

0724 0817 0750 

0854 0071 0800 

0717 


KIO. 

0125 0078 0079 
0288 0184 0190 
0519 0836 0355 
0716 0463 0407 
0885 0669 0817 
1031 0668 0820 


• Transition at 16,400, with volume decrements 0557 and 


NH.CIO, NalO, 


RblO. NH.IO. 

0093 0081 

0210 0195 

0400 0368 

0553 0524 

0685 0664 

0809 0791 


Me experimental error. In searching for an ex- 
planation, the effect of crystal structure must 
obviously be taken into account, polymorphism 
being common, and there being several types of 
possible structure 

Previous measurements'* have Men made on 
the linear compression of single crystals of NaCIO» 
and NaBrOj in the range up to 12,000 kg/cm 3 
The initial compressibilities calculated from these 
measurements are 4.9 and 4 3 X 10~* respective- 
ly, against 3 0 and 3.7 given by extrapolation of 
the values in Table IV. The discrepancy is much 
beyond the experimental error of the present 
method, and the explanation of it is not clear. 
However, it is probable that the previous meas- 
urements should be disregarded; these were 
made by a new method, which has been applied 
to only a few substances, and which has never 
Men adequately checked. The method was 
especially devised to apply to substances which 
are acted on by kerosene, and employed smaller 
samples than usual, mounted in a complicated 
way under the surface of mercury. 

3. Organic Solids. 

A. Definite Compounds A few simple compounds 
were investigated, with a range of types of com- 
position. They were iajeen from the regular 
stock of the Harvard Chemical Laboratory. In 
spite of the mechanical softness of organic solids 
in general under atmospheric conditions, the 
indium sheath was used in all the measurements. 
This proved to M necessary, the difference 


Mtween the ascending and descending brunches 
in general Ming of the same order of magnitude 
as for the inorganic compounds This is perhaps 
not too surprising, because it has already Men 
found that under high pressures such organic 
compounds ns rubMr may acquire a high rigidity, 
greater even than that of mild steel under the 
same pressure. 

The results are collected in Table V. Under 
the name of each substance is the density assumed 
in the calculations. This density was obtained 
from the measurement of the dimensions of the 
charge after release of pressure and removal from 
the apparatus. It is likely to M slightly ami con- 
sistently in error on the small side, because of a 
slight swelling in volume on removal from the 
apparatus due to the elastic springing back of 
voids not crushed completely flat by the high 
pressure. The assumed density enters the calcu- 
lation in such a way that, if at some future time 
Mtter values are obtained for the density of the 
perfectly compacted material, the relative com- 
pressions given in the table may M corrected by 
multiplying by the ratio of the corrected density 
to the assumed density. This means that in 
general the volume compressions given in Table 
V are probably slightly too low. 

Among these organic Solid compounds the 
compression at 25,000 kg/cm ! ; ranges from 0 1959 
for menthol to 0.0901 for dextrose, or by a factor 
of 2.2. The initial compressibilities of these two 
substances, extrapolated to atmospheric pressure, 
are jn the ratio 3.5. This is consistent with the 



20 


BRIDGMAN 


, illilil 
j IlilHI 
< | iillll 
Ij’iiilsl 
||i iliiil 
jiiliiil! 
i slum 

2 H - 

i 

1 1 Nisilllll 

j \nmn 
1 §111111 
j s linn 
j -jiiiii 

1 $ iiiiii 
s - 

I 5 iiiiii 

li min 


general experience that a compressibility, initi- 
ally high, tends to drop off more rapidly with 
increasing pressure. 

There is a rough correlation between the com- 
pressions and the densities, the least dense com- 
pounds being in general more compressible; the 
correlation is better at high than at low pressures. 
The correlation is still closer if one plots the 
compressibility at the upper end of the pressure 
range. This is shown in Figure 4, in which are 



Fionas 4. The compression of various organic solids 
as a function of the initial density. The crosses show 
the relative volume decrements between atmospheric 
pressure and 2,000 kg/cm*, and the circles the relative 
decrements between 20,000 and 25,000 


plotted as crosses the volume decrement from 0 
to 2,000 kg/cm 2 , and as circles the volume decre- 
ment between 20,000 and 25,000 kg/cm*. The 
latter set of points lies more nearly on a single 
curve, and furthermore the curve which best 
represents the points runs with less change of 
height from low density to high density. The 
correlation with density is not materially changed 
if one plots the final compressibility against the 
final density instead of against the initial density. 
In any event, the final compressibility for the 
denser materials tends to level off to an approxi- 
mately constant value of 3 X 10~“. The sub- 
stances for which there is the greatest failure of 
correlation between density and compressibility, 
both at high and at low pressures, are starch and 
dextrin, the former having abnormally high com- 
pressibility and the latter abnormally low. 

The reversal of order of densities with pressure 
in the series of isomeric forms of amino-benzoic 
acid merits special mention. At atmospheric 
pressure the densities increase in the order para, 
ortho, meta, whereas at 25,000 the order is meta, 
para, ortho, involving a transfer of the meta 
compound from the head to the foot. The 
subject is worth further investigation. 
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It is natural to look for a correlation between 
the compression at high pressures and the chemi- 
cal composition. This, however, did not prove 
especially fruitful It appears that there is a 
general tendency for compounds with a large 
proportion of carbon or of hydrogen in their 
composition to be relatively compressible, and 
with a large proportion of oxygen to be relatively 
incompressible, but further than this no obvious 
correlation appeared. 

B. Synthetic and Natural Rubbers. The measure- 
ment of these was undertaken at first for the 
entirely practical purpose of finding some way of 
predicting which might be expected to function 
best for high pressure packing on the piston of the 
apparatus for 30,000 kg/cm*. There is consider- 
able difference in the behavior of different rubbers 
as packings; most rubbers crack at these high 
pressures, and in some the cracking is so exten- 
sive that leak is of frequent occurrence. The 
cracking probably arises from a combination of 
circumstances In the first place, the rubber 
becomes harder and brittle under pressure exactly 
as when plunged into liquid air, the phenomenon 
being essentially a raising of the freezing point 
with pressure. In the second place, the rubber 
thus embrittled must be deformed by the uni- 
lateral compressive stress arising from the unsup- 
ported area principle of the packing sufficiently to 
neutralize the effect of the uniform volume com- 
pression which it would receive under the action 
of the fluid pressure alone, so that it will again 
tightly fill the packing space; otherwise leak will 
occur. This deformation of the embrittled rubber 
is the probable origin of the cracking. One would 
expect that, other things being equal, it would lie 
least in those rubbers with the smallest natural 
volume compressions, and this was the clue 
followed in the exploration. The distortion 
necessary to bring the rubber back to fill the 
packing hole is not small at these pressures 
Thus one typical synthetic shows a volume loss of 
21 per cent at 25,000 kg/cm ! ; the corresponding 
decrease of linear dimensions is 7.6 per cent, 
which means that the embrittled solid must 
expand under the unilateral compressive stress 
by some 8.2 per cent in linear dimensions, 
preferably without cracking. No rubber has been 
found entirely free from cracking under these 
conditions, the best that can be hoped is to find 
one in which the cracks that do form are not so 
serious but that they can be sufficiently sealed by 
the lateral compression. 

Ten different specimens of various synthetic 


rubbers were collected from dealers m the neigh- 
borhood of Boston Measurement disclosed 
an interesting feature, namely in home of them 
there was a rather sharp change in the direction 
of the curve of volume versus pressure, or dis- 
continuity of the second kind, at pressures 
roughly of the order of 5,000 kg/em- I had the 
privilege of discussing this result with Dr. K. 
Guth, and it seemed to him of sufficient interest 
to justify examination of specimens whose compo- 
sition was more definitely known than of the 
commercial specimens He accordingly was kind 
enough to send me 6 representative rubliers of 
which the compositions are known; the results 
for four of these are included here and those for 
the other two will be published later 
The compositions are as follows 


Hevea Gum Hevea Tread 
SS 100 100 

Stand. Micronex — 52 

ZNO (Fast Curing) 3 3 

Steane Acid 4 4 

Pine Tar 2 2 

Antioxidant 15 15 

S 2 7 2 7 

Captax 0 9 0 9 

Butyl Gum Butyl Tread 
Butyl B 100 100 

Zinc Oxide 5 5 

Steane Acid 3 3 

Sulfur 15 15 

Cabot no 9, Black — 50 

Treads 1 1 

Captax — 0 5 


The retraction process and certain other physi- 
cal properties of the Hevea rubber have been 
described in recent letters in the Physical Re- 
view. 17 Certain properties of the butyl rubber 
are to be published in a forthcoming number of 
the Journal of Applied Physics, and were pre- 
sented at the Rochester meeting of the American 
Physical Society in the summer of 1944. 

The material was cut to the full diameter of 
the carboloy container and used without the 
indium sheath. The specimens from Dr Guth 
were dimensioned with particular care, being 
ground to dimensions on one flat face and on the 
curved face. , 

In Table VI the compressions for 12 syn- 
thetic rubbers and 2 natural rubbers are given. 
The table also gives the densities at atmospheric 
pressure calculated from the measured dimen- 
sions of the charge at atmospheric pressure, be- 
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for it had been removed from the pressure ap- 
paratus. Thus the expansion on removing from 
the apparatus, which was a source of error in 
some of the other densities, was not present in 
these measurements for rubber, which should be 
substantially correct. It will be seen that, just 
as in the case of the solid organic compounds, 
there is a certain correlation between the com- 
pression and the density. This correlation is, 
however, not so close for the rubbers as for the 
compounds, as indeed might be expected in view 
of the fact that there is an artificial factor in the 
density of the rubbers in the varying degree of 
loading with carbon black. 

The table gives data for the discontinuity of 
the second kind, that is, the discontinuity in 
slope, exhibited by 7 of the rubbers. There is 
listed the pressure of the discontinuity, the 
volume decrement at the pressure of discontinu- 
ity, and the amount of discontinuity in the 


derivative 


dv\ 

,3pA : 


in all cases the discontinuity is 


in the direction of a smaller slope at the higher 
pressure. No great amount of precision can be 
claimed for the numerical values of these dis- 
continuities, as is always the case in attempting 
to measure a discontinuity. In fact, from the 
point of view of logical rigor, not even the exist- 
ence of a discontinuity in the mathematical 
sense can ever be established by physical meas- 
urements; it is merely that a discontinuity is 
the simplest way of reproducing the results to 
the natural order of accuracy. In any event, 
there can be no mistaking the striking qualitative 
difference between the curves for substances like 
neoprene and Hevea gum. An active imagina- 
tion would be tempted to find other discontinui- 
ties in the curves than those given; only the 
apparently inescapable ones were listed. One 
particularly tempting example is afforded by 
Hood 844A, in which there seems to be rather 


definitely a discontinuity in 


t \ 

— ) near 6,000 


kg/cm 1 . The physical significance of these dis- 
continuities is probably merely that some rubbers 


pass more abruptly into the “frozen” condition 
than do others. 

Table VI contains, in addition to the matters 
just discussed, the width of the hysteresis loop, 
that is, the ratio of the maximum difference be- 
tween displacements with increasing and decreas- 
ing pressure to the maximum displacement. This 
varies by a factor of 1.75 fold, somewhat more 
than does the density or the compressibility. 
Several factors obviously enter into the width of 
the loop. There is in the first place the ordinary 
coefficient of friction of the rubber against the 
carboloy walls. In the second place there is the 
internal plastic flow stress within the body of the 
rubber. In the third place, there is lag, sub- 
cooling or superheating, between the ordinary 
state and the “frozen” state. 

Returning to the problem which originally sug- 
gested the measurement of the rubbers, it is to be 
remarked that the single criterion of compression 
at high pressures did not prove an adequate char- 
acterization of the behavior as a high pressure 
packing. There are other features which are 
involved in the functioning as packing. Thus, 
the friction with the steel walls of the pressure 
vessel must not be too great, and the shearing 
strength against this frictional drag must be 
sufficient. Certain of the artificial rubbers which 
appeared promising from the point of view of 
volume compression had such a combination of 
high coefficient of friction and low mechanical 
strength that when used as packing a vortex ring 
of rubber was detached from the body of the 
packing at the periphery and rolled over and over 
against the steel walls as the plunger advanced. 
It still remains necessary to make actual trial to 
determine the suitability for high pressure pack- 
ing As yet, exhaustive trial has not been made 
of the suitability of all the rubbers for high 
pressure packing, but to date Duprene seems the 
best for all round use. It happens that Duprene 
also has the smallest compression. 

I am indebted to my mechanic Mr. Charles E. 
Chase for the skillful construction of the ap- 
paratus, and to the Carboloy Company for the 
carboloy used in this and the preceding paper 
Research Laboratory of Physics, 

Harvard University, Cambridge, Mass. 
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Introduction 

During the past two decades our knowledge of 
Permian insects has been greatly increased. This 
has mainly resulted from the collection and Btudy of 
several thousand specimens from strata in Kansas, 
Russia and Australia. The rocks in Kansas, termed 
the Elmo limestone by Dunbar (1924), are geologi- 
cally the oldest; they belong to the Wellington for- 
mation, which is well within the Lower Permian and 
not far from its base. The correlation of the Rus- 
sian and Australian beds is not so certain, but they 
are probably correctly referred to the Upper Permian. 
The Elmo beds have accordingly been unique: they 
have provided us with almost the sole record of an 
early Permian insect fauna. It has been my hope 
for many years that another insect-bearing bed of 
equivalent age would be found, especially one de- 
posited under environmental conditions different 
from those responsible for the Elmo limestone. 

This hope has now been realised. In 1939 Dr. 
G. 0. Raasch sent me about seventy well-preserved 
insects which he had collected m certain Wellington 
strata in Noble County, Oklahoma. A study of the 
specimens convinced me that further exploration of 
these rocks would add substantially to our knowl- 
edge of Permian insects, and I accordingly spent the 
following summer collecting in the region. In this 
undertaking I was fortunate in having the aid of Dr. 
Raasch, who made a careful stratigraphio study of 
the area, and was able to trace the insect-bearing 
rocks over an area of about 400 Bquare miles In 
about ten weeks we collected more than five thou- 
sand well-preserved insects. 

Dr. Raasch’s detailed account of the Wellington 
formation in Oklahoma is being published elsewhere, 
but with his permission I include here a summary 
of his conclusions on the origin of the inseot-bearing 
rocks and the environment of the biota. The 
Wellington formation as a whole covers a large area. 
It was deposited in a great water-filled basin, the 
Wellington Sea, occupying parts of Oklahoma, Kan- 
sas, Nebraska and Colorado. In Pennsylvanian 
time typically marine waters from the ocean to the 


south periodically invaded the basin and this inflow 
continued until early Wellington time. By mid- 
Wellington, typically marine conditions had ceased 
to exist in the basin and the climate of the region had 
become more arid. Although inflow of marine 
waters continued periodically, presumably through 
a restricted connection from the open sea to the 
southwest, the watere covering the basin were at all 
times of more than marine salinity. The conditions 
alternated between those of a great salt lake and of a 
vast, dedicating mud-pan. This alternation was es- 
pecially pronounced at the time of deposition of the 
strata in Noble County which Raasch has termed the 
Midco member of the Wellington formation. This 
member is about 265 feet thick and is composed 
mainly of alternating lumpy, clay-shales and fissile, 
flaky shales. Inoluded in this series is the insect bed 
Varying from about six inches to four and a half feet 
m thickness, it consists in reality of several layers of 
fine-grained, compact, argillaceous dolomitic lime- 
stone, separated by fissile shale. Three of the lime- 
stone layers contain insects, and for convenience of 
reference they have been designated the lower, 
middle and upper insect layers The lower layer 
shows sedimentational and organic features which 
suggest tliat it was laid down close to the shore and 
that most of its biota was washed into the lake. 
The matrix and biota of the middle layer, whioh is 
highly irregular and characterised by pink partings, 
were probably transported to the water by violent 
dust storms. The upper layer is highly argillaceous, 
and was deposited under strongly saline conditions; 
insects are rare but they are very well preserved. 

Midco Salt Lake was essentially a playa, barren of 
life exoept for algae and Conchostraca (Crustaoea). 
There is no evidence that insects, either nymphs or 
adults, lived in the water of the lake itself. Most 
insects preserved in the limestone were presumably 
carried to the water by gales or floods and were 
therefore not all derived from the local environment. 
Thus, the aquatic nymphs which are abundant at a 
few localities (e. g. loo. 16) were almost certainly 
brought to the lake intermittently by small streams 
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in a flooded condition. Plants did not grow near 
the lake; they are sparsely represented in the beds 
by fragments of leaves or wood, which were also 
carried to the water by winds and floods. 

The foregoing account describes a very different 
environment from that existing in the vicinity of 
Insect Hill in Kansas, when the Elmo limestone was 
formed. According to Dunbar (1924) this bed was 
deposited in a fresh-water lake or lagoon, derived 
from an earlier swamp Plants apparently grew 
close to the water’s edge and although most insects 
were driven into the water by occasional storms, 
some lived in the water during their nymphal stages. 
The Elmo Lake was much smaller than the Midoo 
and consequently presented less diverse environ- 
mental conditions. Nevertheless, the two lakes 
were only about 146 miles apart and apparently 
nearly contemporaneous 

The Xiphosura and Conohostraca which Dr 
Raasch and I collected in the Midco beds have al- 
ready been studied and described by Professor P E. 
Raymond (1945, 1946). Three specimens of Xi- 
phosura, found in the lower layer at locality 15, 
represent two new species of a new genus- Ano- 
conlium carpenten Raym. and A breve Raym. The 
genus belongs to the family Euprodpidae, previously 
known only from Carboniferous strata. The Con- 
chostraca include seven species, all new and repre- 
senting three famdies. Lioestheriidae, with Lio- 
estheria raaschi Raym , Pseudesthena brevis Raym , 
Ps plicifera Raym , and Ps. rugosa Raym. , Limna- 
diidae, with Pemphicydua laminatus Raym. and 
Palaeolmnadiopns carpenteri Raym.; and Leai- 
adidae, with Lento reflexa Raym. The occurrence 
of the Leadidae is especially interesting, since the 
family has previously been known only from Car- 
boniferous strata Pseudesthena plicifera is also 
noteworthy, for it is the species which occurs, though 
very rarely, in the Elmo limestone. Apart from the 
occurrence of insects, the extraordinary abundance 
of Conchostraca is the most striking characteristic 
of the Midco fauna. Although these Crustacea 
were probably unable to develop prolifically in the 
hypersaline water of the Lake, they presumably 
became well established after cyclical inflow of 
fresh water, which undoubtedly occurred m the 
spring of oertain years. Subsequent evaporation of 
much of the water in the Lake would cause a rever- 
sion to hypersalinity and result in the death of 
masses of adult Conchostraca. Their eggs, how- 
ever, presumably survived through this period and 
hatched when the water again became habitable* 


* This is suggested by San’ experiments (1S96) on 


Very little can be said at this time about the 
Midoo insect fauna It obviously includes the same 
orders as that at Elmo, as well as many of the genera 
and a few species; but it also contains families which 
are not known from the Elmo limestone and even 
several which have previously been found only in 
Carboniferous rocks. This is particularly interest- 
ing in view of the Carboniferous affinities of some 
Midco Xiphosura and Conchostraca A satisfac- 
tory comparison of the insects of the two beds cannot 
be made until studies of both faunas have been 
completed. 

Because of the extent of the Midco insect beds, 
our collections were made at widely scattered locali- 
ties in the area. Furthermore, since these localities 
undoubtedly represent some diversity of environ- 
ments, record has been kept, by number, of the 
locality at which each fossil was collected. The 
approximate site of the localities is given in the ac- 
companying table. Similar record has been kept of 
the layers of the insect bed in which the specimens 
were found, the letters L, M, U, indicating the lower, 
middle and upper layers respectively. The present 
collection of Midco insects is presumably by no 
means representative of the fauna. My original 
project of making a series of annual trips to the 
beds, although temporarily halted by the war, will 
now be carried out until a more extensive collection 
has been secured. 

Before closing these introductory remarks, I wish 
to acknowledge the aid of the Geological Society of 
America, which financed in part the 1940 collecting 
trip with a grant from the Penrose Bequest (Project 
Grant 335-40). All who are interested in fossil 
insects are deeply indebted to Dr. Raasch for his 
discovery of one of the most important insect- 
bearing beds known; and I, in particular, am in- 
debted to him for his indispensable help as a tech- 
nical field assistant. I am also obligated to Mr. 
F. H. Ward, of Ward’s Natural Science Establish- 
ment, for his part in introducing me to Dr. Raasch’s 
discovery. Finally, both Dr. Raasch and I owe 
thanks to our friends in Noble County who allowed 
us to collect without restraint on their property. 

The following pages deal with the Midoo insects 
belonging to the Orders Megasecoptera, Protodonata 
and Odonata. Other orders will be treated in subse- 
quent papers in this series. 


the eggs of Limnadia, which developed normally after 
resting at least seven years in dried mud. From other 
observations he concluded that these eggs, in order to 
be able to develop at all, need to he diy for several 
successive years. 
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Loc. 1. Sw. comer, 8ec. 28, T23N, R1W. 

Loc. 2. Sw. X of Sw. X, See. 20, T23N, RlW. 

Loo. 3. Nw. X of Nw. X, See. 4, T23N, RlW. 

Loc. 4. Se. X of Ne. X, Sec. 34, T22N, RlW 
Loc. 5. Sw. X of Se. X, Sec. 4,&Nw X of Ne. X, 
Sec. 9, T23N, RlW. 

Loc. 0. Sw. X of Sw. X, Sec 10, T23N, R2W. 

Loc. 7. Ne. X of Nw. X, Sec 34, T22N, RlW 
Loo. 8. Nw. X of Nw X, Sec. 34, T22N, RlW. 


Loc. 9. Readout X mile south of Ne. Comer, Sec. 
33, T21N, RlW. 

Loc. 10. Ne X of Nw. X, Sec. 28, T22N, RlW. 
Loc. 11. Se X of Sw. X, Sec 22, T22N, RlW. 
Loc. 12. Ne. X of Se X, Sec. 34, T22N, RlW. 
Loc. 13. Ne. X of Sw. X, Sec. 13, T23N, R2W. 
Loc. 14. Sw. X of Ne. X, Sec 14, T23N, R2W. 
Loc 15. Sw. X of Nw. X, Sec. 2, T21N, RlW. 
Loc. 16. Ne. X of Ne. X, Sec. 33, T22N, RlW. 


Table 1 Midco Insect Bed. 

1940 Localities by sections, ranges, and townships, in Noble Co., Oklahoma 


Order MEGASECOPTERA 
This order is represented in the Midco collection 
by eighteen species, which I have assigned to eight 
genera and five families. The Elmo beds in Kansas, 
which are also of Wellington age, have so far yielded 
eleven species referable to five genera and four 
families. These figures indicate that the order 
Megasecoptera is more abundantly and diversely 
represented in the Midco fauna than in the Elmo 
fauna They are especially significant since about 
twice as many specimens of insects have been col- 
lected at Elmo as m the Midco beds 
The families present in the Midco member include 
all those found in the Elmo fauna and in addition 
the family Bardohymenidae The occurrence of the 
latter is of much interest, since it contains species 
closely related to Aajndoth/trax, from the European 
Carboniferous. All the Megasecopterous genera 
known from Elmo are likewise included in the Midco 
fauna, with the single exception of Permohymen. 
Three new genera are represented in the Midco beds, 
as well as one genus ( Sylvohymen ) described from the 
Russian Permian, but not known from Elmo. Four 
of the eighteen species from Oklahoma are appar- 
ently identical with those from Elmo; the others are 
new. 

Some of the new species, especially the Marty- 
noviids, furnish interesting evidence bearing on the 
interpretation of the wing venation of the Megase- 
coptera and its phylogenetic importance It is now 
apparent that the order was a much larger and 
diversified group than has previously been supposed, 
with at least two distinct phylogenetic lines within 
the order. The evidence for these statements and 
other conclusions which I have reached will be dis- 
cussed below, after the desoription of the fossils 

Family Elmoidae 

This interesting family has previously been known 
only from one Bpecies, Elmoa trieecta Till., from the 
Kansas Permian. In the Oklahoma collection there 


are six specimens representing two new genera and 
four new species, in addition to trisecla . This ma- 
terial provides us with additional information about 
the family and requires slight modification of the 
characteristics previously suggested for the group 
(Carpenter, 1943). In the new specimens, some of 
which are splendidly preserved, the stem of R is 
obviously free from the stem of CuA. This condi- • 
tion undoubtedly existed in Elmoa, but the flattening 
of the convexities and concavities at the base of the 
wing in the specimens of Elmoa presumably caused 
the apparent fusion of the two stems All well- 
preserved specimens of Elmoidae have the stem of R 
very strongly convex, that of CuP strongly concave 
The stem of CuA, which joins CuP only at the very 
base of the wing, is situated on the steeply inclined 
membrane between R and CuP. Also in all the 
new species there are at least three anal veins, in- 
stead of two, as in Elmoa. This is an especially 
important characteristic, not elsewhere known 
among the Megasecoptera. 

The outstanding characteristics of the Elmoidae 
are (1) the independence of the stems of R and CuA, 
(2) the absence of coalescence between Rs and MA, 
and (3) the proximal convergence of the strongly 
convex CuA and R, forming an angle bisected by 
stem of M The last characteristic is present also 
m the Martynoviidae and Asthenohymenidae. 

The family Elmoidae, especially as represented 
by the new genus Parelmoa, appears to have a rela- 
tively generalized venation and to have several vena- 
tional features suggestive of the Palaeodictyoptera. 
Indeed, arguments for placing Parelmoa in the 
Palaeodictyoptera could readily be advanced; but 
any such assigment would involve not only Elmoa, 
but the Martynoviidae and Asthenohymenidae. 
Also concerned in this question is the Carboniferous 
genus Diaphanoptera, a detailed account of which is 
being published elsewhere. 1 

i Studies on Carboniferous Insects from Commentry, 
France. Part II (in preparation). 
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Elmoa tritecta Till. 

Elmoa trieecta Tilly ard, 1937, Amer. Joum Sci., S3: 

84. Carpenter, 1943, Proc. Amer. Aead , 75: 66. 

There is a single specimen (4736ab) of this in the 
material from the Midco beds; it was collected at 
locality 8-M, and consists of the proximal third of a 
wing. Its venation, as far as known, is identical 
with that of the Kansan specimens. 

Parelmoa, new genus 

Related to Elmoa. Fore wing: So terminating on 
costal margin slightly beyond mid-wing, l. e., just 
beyond first fork of Rs; Rs arising nearer the base 
than in Elmoa, with three branches, and joined by a 
cross-vein to MA basally (as in Elmoa), but the 
cross-vein is nearer the origin of MA and further 
from the origin of Rs than it is in Elmoa; MA simple, 
MP forked, CuA and CuP unbranched; 1A well 
developed, extending to midwing and with three 
branches; 2A and 3A present, the latter branched 
from the base. Cross-veins numerous. Hind wing . 
So closer to R than in the fore wing; anal veins ap- 
parently as in fore wing 

Genotype: Parelmoa revelata, n. sp. 

This genus differs from Elmoa chiefly m having a 
longer Sc and greater development of anal veins. 


an individual trait). Cross-veins are numerous but 
weak, exoept those at base of costal space. The 
distribution of preserved cross-veins in the type 
indicates that others discernible in the specimen 
were originally present. Hind wing unknown. 

Holotype: No. 4822ab, Museum of Comparative 
Zoology, collected in the Midco insect bed (loo. 
15-L), Noble Co., Oklahoma, by F. M. Carpenter 
and G. O. Rausch. The specimen is a complete and 
splendidly preserved fore wing. 

Parelmoa radi&lis, n. sp. 

Figure 2 

Fore wing: length, 15 mm.; width, 5 mm. Shape 
and venation (as far as known) as in revelata, exoept 
that R4 + 5 is unbranched, and R2 + 3 divides 
shortly after its origin. There is a suggestion of a 
terminal twig on R2, but this is almost certainly an 
individual trait. Only a few cross-veins are present 
in the type, outside of the costal space. The anal 
veins are unknown. Hind wing: length, 12 mm.; 
width, 4 mm ; costal margin and stem of R straighter 
basally than in fore wing (as is true of Elmoa)-, 
venation otherwise like fore wing, including the 
branching of Rs. 1A and 2A unbranched; 3A 



Figure 1. Parelmoa revelata, n. sp Drawing of fore wing (holotype). Sc, subcoeta (concave); Rl, radius 
(convex); Rs, radial sector (concave), MA, anterior media (convex), MP, posterior media (concave); CuA, an- 
terior cubitus (convex); CuP, posterior cubitus (concave); 1A, 2A, 3A, anal veins 


Parelmoa revelata, n. sp. 

Figure 1; plate 2, figure 2 

Fore wing: length, 15 mm , width, 5 mm ; broadest 
across the middle or not much beyond, Sc connected 
to Rl by a distal cross-vein, R2 + 3 long, unbranch- 
ed, R4 + 5 forking slightly after its origin, MP 
forked at about the level of first fork of Rs ; 1 A forked 
at about half its length and again somewhat beyond 
this; 2A simple; 3A giving rise distally to a posterior 
branch, which is in turn twigged distally (probably 


branched much as in revelata. Cross-veins weakly 
preserved in the type and those of the oostal space 
are not discernible. 

Holotype. No. 4825, Museum of Comparative 
Zoology, collected in the Midco insect bed (loc. 
15-L), Noble Co., Oklahoma, by F. M. Carpenter 
and G 0. Raasch This consists of a nearly com- 
plete hind wing, moderately well preserved. Para- 
type. No. 4824, (loc. 8-M), Museum of Comparative 
Zoology, consisting of a well preserved fore wing, 
lacking the anal area. 
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Figure 2. Pardmoa radtaltt, n. sp. Drawing of hind wing (holotype) Lettering as in figure 1. 


This species is distinguished from revdata on the 
basis of the structure of Rs and 1A. Although the 
anal veins are lacking in the paratype (fore wing), I 
have associated this with the holotype (hind wing) 
because of the similar form of Rs. The differ- 
ence in branching of Rs m the two species might, of 
course, be due to individual variation. However, 
m the seven known specimens of the Elmoa trisecta 
from the Elmoa beds, the branching of Rs is strik- 
ingly constant and I assume the same stability for 
radwlis and revdata The branching of 1A is also 
markedly different in radiaha from what it is in 
revdata, but of course this vein is known only in the 
hind wing. 

Parelmoa obtuse, n. sp. 

Figure 3 

Fore wing: length, 17 mm., width, 5.5 mm ; 
broadest in distal third of the wing; apex broadly 
rounded; costal margin not so convex as in revdata 
and radiahe; Sc somewhat longer than in the latter 
two species; R2 +3 forked, R4 + 5 unbranched, 
1A with a terminal fork; 2A unbranched, 3 A with a 
forked posterior branch. Cross-veins apparently 
fewer than in revdata, many arranged obliquely 
Hind wing unknown. 


Holotype- No. 4823 ab, Museum of Comparative 
Zoology; collected in Midco insect bed (loc. 15-L), 
Noble Co , Oklahoma, by F. M. Carpenter and G. 
O. Raasch. This is a complete and well preserved 
fore wing. 

Pseudelmoa, new genus 

Related to Parelmoa Fore wing: Sc extending* 
far beyond level of first branch of Ra; Rs with at 
least five terminal branches; Rs arising further 
proximad than in Pardmoa; MP forked; three anal 
veins, 1A long, extending to about mid-wing; cross- 
veins about as numerous as in Pardmoa. Hind 
wing unknown. 

Genotype - Pstuddmoa ampla, n sp. 

This genus is notable for the length of 8c and the 
numerous branches of Rs. 

Pseudelmoa ampla, n. sp. 

Figure 4 

Fore wing, length (as preserved), 20 mm.; width, 
6 mm ; estimated length, 22 mm ; costal margin not 
convex; Sc terminating beyond fork of R2 + 3; 
MA apparently arising near mid-wing but a weak 
and probably adventitious vein at this point makes 
the origin uncertain; 1A with a distal fork; cross- 



Figurx 3. Pardmoa obiuta, n. sp. Drawing of fore wing (holotype). Lettering as in figure 1.. 



Figure 4 Pseudelmoa ampla, n. sp Drawing of fore wing (holotype) Lettering as in figure 1 


veins as shown m figure though probably not all are 
discernible. Hind wing unknown 

Holotype: No. 2826ab, Museum of Comparative 
Zoology, collected in the Midco insect bed (loc 
15-L), Noble Co , Oklahoma, by F. M. Carpenter 
and G. 0 Raasch. This consists of a well preserved 
fore wing, lacking the distal portion. 

Family Babdohymenidae 

This family was erected by Zalessky (1937) for 
Bardohymen magnipenmjer from the Permian of 
Russia. Since the unique specimen representing 
that species consisted of the distal half of the wing 
only, the family could not be satisfactorily defined 
The collection from Oklahoma contains a complete 
wing of a species ( Calohymen permianus, n sp ) 
obviously closely related to Bardohymen The 
family is therefore redefined here with the aid of the 
information now at hand. We do not, of course, 
know for certain that the proximal half of the wing 
of magnipennifer is like that of the new species, 
should it turn out to be very different, a new family 
will be needed for Calohymen In the Midco collec- 
tion there is also an incomplete wing of a species 
apparently belonging to the genus Sylvohymen, 
winch was described by Martynov from the Russian 
Permian and tentatively referred to the family 
Bardohymemdae. 

The Bardohymenidae were larger than the Proto- 
hymenidae. Their venation was much like that of 
the Carboniferous Aspidothoracidae The costal 
spaoe was narrow, R1 being submarginal, at least in 
the distal half of the wing. Sc is not clear distally, 
it apparently extended well beyond the origin of Rs, 
which arose not far from mid-wing and gave rise to 
at least three branches, M arose at the base of the 
wing and though close to R, apparently retained its 
independence from R (as in the Aspidothoracidae) 
and diverged away from R well before the origin of 
Rs; MA was not anastomosed with Rs; Cu was ap- 


parently anastomosed with the stem of M for a 
short interval; CuA was not anastomosed with M 
or MP; a single anal vein was present, formed as in 
Aipidothorax; cross-veins were numerous but there 
were not more than twenty-five in all. The differ- 
ences between the fore and hind wings have not been 
determined, probably the wings were nearly homon- 
omous, as in Aspidolhora x and most other Megase- 
coptera. 

The closest relatives of this interesting family are 
the Aspidothoracidae from the Carboniferous of 
Commcntry Zalessky placed Bardohymenidae in 
the Suborder Protohymenoptera, presumably lie- 
cause of the proximity of Sc and R1 to the margin, 
but the family has much more in common with the 
Aspidothoracidae than with Protobymenidae or its 
relatives This is one of the several examples, 
noted in this paper, of the occurrence of Carbonif- 
erous types in the Midco fauna 

Calohymen, new genus 

Related to Bardohymen. 8c apparently termina- 
ting beyond mid-wing; R1 not forked distally; Rs 
with three branches; MA, MP, CuA and CuP un- 
branched, two distinct rows of cross-veins, even the 
outer row being remote from the posterior margin 
of the wing 

Genotype Calohymen permianus, n sp. 

Calohymen permianus, n sp 

Figure 5 

Wing, length, 25 mm.; width, 6 5 mm. Costal 
margin straight for the proximal two-thirds of the 
wing, then broadly curved, apex slightly rounded; 
posterior margin only slightly curved; wing broadest 
at the level of the origin of R4 4- 5; R1 diverging 
slightly away from the margin above the branches 
of Rs, connected to the margin by two cross- veins 
(at least in type) ; no pterostigmal thickening visible; 
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Figure 5 Caiohymen permumus, n sp Drawing of holotype. Lettering as in figure 1 


Rs arising slightly before mid-wing; R4 + 5 only a 
little longer than R3; two long cross-veins between 
Rs and Rl; MA arising slightly proximad of the 
origin of Rs, connected to Rs by a short cross-vein; 
CuA arising well before the divergence of M from 
Rl and oonnected to M by an oblique cross-vein, 
CuP has a slight terminal branch, which is probably 
formed by an oblique cross-vein (as in Aspidothorax ) , 
1A with four veinlets leading to the hind margin; 
between all main veins (except CuP and 1A) there 
are two cross-veins arranged as shown in figure 5. 

Holotype: 4687ab, Museum of Comparative Zo- 
ology; collected in Midco insect beds (loc 15-L), 
Noble Co., Oklahoma (F. M Carpenter and G. O. 
Raasch) It consists of a well preserved wing, 
complete except for a small piece along the posterior 
margin at the end of CuA 

This species is of much interest because of its 
resemblance to Aspidothorax, a drawing of which 
is included here (figure 6.) 1 Unlike the condition 
in Protohymenidae, etc , MA is free from Rs and 
CuA is free from M. So close is Caiohymen (and 
presumably Bardohymen) to Aspidothorax that it is 
difficult to find many differences between the two. 
So is possibly slightly longer in Aspidothorax than in 
Caiohymen; MP is deeply forked in Aspidothorax but 

1 An account of the structure and relationships of 
Aspidothorax is included in my ra visional study of 
Commentry insects, Part II, now in preparation. 


simple in Caiohymen; and the number of cross-veins 
in Aspidothorax is approximately twice that in 
Caiohymen. These differences are probably suffi- 
cient to justify the retention of the family Bardohy- 
menidae, but they are much less than have pre- 
viously been found between Permian and Carbon- 
iferous Megasecoptera. 

Genus Sylvohymen Martynov 
Sylvohymen Martynov, 1940, Trav. Inst. Paleont 
11 : 10 . 

This genus was based on a distal fragment of a 
wing {roibnstus) and placed by Martynov in the 
family Bardohymemdae, although its relationships 
will not be certain until more of the wing is known 
In the Midco collection there is a distal fragment of 
a wing which resembles that of robustus to a remark- 
able degree. I therefore place the species in Sylvo- 
hymen until more of its structure is known 

Sylvohymen ingens, n sp. 

Figure 7 

Wing' length of fragment, 18 mm ; width, 9 mm ; 
estimated length of complete wing, 60 mm Costal 
margin thickened distally, as far inward as Rl ; Rl 
diverging away from the margin only very slightly 
near the apex, with three short cross-veins between 
it and the margin, Rs with 4 branches, R2a, R2b, 
R3, and R4 + 6; a long cross-vein between Rl and 



Figure 6. Aspidothorax sp. (Carboniferous of Commentry, France). Original drawing of fore wing, based 
on specimens in the Musdum National d’Hiatoire Naturelle, Paris. Lettering as in figure 1 
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the fork of R2 + 3 and a shorter cross-vein near the 
apex between R1 and R2; one cross-vein between 
each branch of Rs; two between R4 + 5 and MA 
Holotype. No. 4673ab Museum of Comparative 
Zoology; collected in Midco insect beds (loc. 3), 
Noble Co., Oklahoma (F. M. Carpenter and G. O 
Ra&8ch). This consists of the distal part of a wing 
Since the preserved part does not include the origin 
of R4 + 5, it probably represents only about a 
third of the entire wing. This species was appar- 
ently only a little larger than robustus, which Mar- 
tynov estimated to have a wing length of 40 mm. 



The similarity between the venation of rolrustus 
and that of ingens is very striking, though of course 
the proximal parts of the wings may not have been 
so much alike. As Martynov points out, Sylvohy- 
men (as far as known) is closer to Bardohymen than 
it is to any other Megasecoptera Additional and 
more nearly complete specimens will be needed to 
make certain of this; if it should turn out that Rs is 
anastomosed with MA, as it is restored in Mar- 
tynov’s figure, the systematic position of the genus 
will be very different. 

Family Martynoviidae 

This family has previously been known from the 
lower Permian of Kansas (Elmo), where it is repre- 
sented by the genus Marlynovia, with two species 
( insignia Till, and protohymenoides Till) In the 
Sc 


Midoo beds there are four new species, described 
below; one of these belongs to Marlynovia, the 
others to new genera. 

Genus Martynona Till. 

Martynomu Tillyard, 1932, Amer Journ. Sci., 23: 
13; Carpenter, 1943, Proc. Amer. Acad Arts 
Sci., 76: 68 

In my discussion of this genus (1943), I stated 
that the radial sector included from 3 to 5 branches; 
since the number of branches of Rs in the new 
species is seven, the definition of the genus is now 
altered to that extent. In all other respects (so far 
os known) the following species conforms to the 
generic definition 

Martynovia longipennis, n. sp. 

Figure 8 

Fore wing length, 20 mm ; width, 4.5 mm. 
Costal margin slightly oonoave basally, but with a 
distinct bulge above origin of MA; rest of margin 
with slight convexity, posterior margin smoothly 
convex, base of wing more narrowed than in 
protohymenoides; apex of wing unknown; at least 
two prominent cross-veins m costal space, at 
the level or origin of CuP; Sc weak distally, 
terminating at about mid-wing; R1 also very 
weak apically; both So and R1 apparently end 
in a faint pterostigma, as in M. protohymenoides, 4 
or 5 well developed cross-veins between Rs and R1 ; 
Rs with seven branches, although thiB number is 
probably slightly variable in individuals; MA anas- 
tomosed for a short distance with Rs, much as in 
irmgms, M arising from the stem of R in the manner 
characteristic of the genus, i. e., at the point of 
divergence of CuA from the same stem; CuP and 
1A are like those of protohymenoides, but 2A is very 
short, having almost been lost by the narrowing of 
the base of the wing, two cross-veins present be- 
tween MA, MP, CuP, and 1A, and probably two 
also between the branches of Rs, though they are 
not preserved in the fossil. 



Fiourb 8. Martynovia longtpennts n. sp. Drawing of fore wing (holotype). Lettering as in figure 1. 
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Hind wing unknown. 

Holotype: No. 4676, Museum of Comparative 
Zoology; oollected in the Midco insect beds (loc 
16), Noble Co., Oklahoma (F. M. Carpenter and 
G. 0. Raasch). This is a well preserved wing, com- 
plete except for the very apex. The narrowness of 
the wing, especially basally, indicates that it is a 
fore wing. 

Although this species has much longer wings than 
the genotype (insignia), its venation is essentially 
the same as that of the latter. In wing shape 
longipennis is similar to protohymenoides, but the 
greater number of branches of Rs and the very short 
1A are obvious differences The pterostigma of 
longipennis is not indicated by coloration; but the 
faintness of Sc and R1 distally shows that the 
pterostigma was present and formed essentially as 
in protokymenotdes. 

Eumartynovla, new genus 

Fore wing: long and moderately slender Costal 
space of normal width basally, but narrowed above 
end of So, at which point there is a pronounced bend 
in the margin of the wing; Rs arising almost at mid- 
wing and giving rise to four branches, M arising 
from the stem of R + M at the point of origin of 
CuA, as in Martynovia; MA anastomosed with Re 
and also with R, well before the origin of Rs, MA, 
MP, CuA, CuP, and the anals all unbranohed, 
croBs-veins few in number. Pterostigma very long 
and colored, but not very thick. 

Hind wing unknown. 

Genotype; Eumartynovia raaschi, n sp. 

This genus, although close to Martynovia, is dis- 
tinguished chiefly by having the costal margin dis- 
tinctly indented at about mid-wring, and by having 
MA coalesced with the radius well before the origin 
of Rs. 

Eumartynovia raaschi, new species 
Figure 9; plate 2, figure 1 

Fore wing: length, 22 mm ; width, 6 mm. Costal 
margin smoothly arched from the base to about the 


middle of the wing; unevenly arched from mid-wing 
to apex; apex pointed; posterior margin smoothly 
curved; three pteroBtigmal cross-veins m costal area, 
two of them near the level of the origin of CuP, the 
other near the end of Se; Sc ending at about mid- 
wing, slightly beyond the level of the origin of Rs, 
a heavily pigmented pterostigma extends from the 
end of 8c to slightly beyond the apex of the wing; 
this is confined to a narrow strip for most of its 
length, but near the fork of R2, it extends medially 
as far as R2 and R2a; between Rs and R1 there are 
three long cross-veins, and between the branches of 
Rs, as well as between MA, MP, CuA, CuP, and 1A 
there are two cross- veins, the free basal piece of MA 
is short, MA anastomosing with R1 so that R + MA 
is nearly equal in length to MA + Rs; 1A well 
developed, 2A short 

Holotype. No. 4680ab, Museum of Comparative 
Zoology; collected in the Midco beds (loc. 15-L), 
Noble Co , Oklahoma (F M Carpenter and G. 0 
Raasch) This species is named for Gilbert O 
Raasch, who was first to find insects in the Midco 
strata. The holotype specimen is a strikingly pre- 
served fore wing (plate 2, fig. 1). 

This insect is remarkable for the long pigmented 
pterostigmal area The species of Martynona also 
have a long pterostigma, but ro far as known in 
none of them is it as long or as heavily pigmented 
as in raaschi 

Phaneroneura, new genus 

Allied to Martynoma Fore wing slender or 
moderately broad. Costal space of moderate width 
basally, narrowed at the level of origin of Rs, costal 
margin straight or nearly so, only one cross-vein 
apparently present in costal space, Rs arising just 
before mid-wing, with two or three branches, M 
arising from the stem of R + M at the point of 
separation of CuA from R + M, as in Martynoma; 
MA separating from MP very shortly after the 
origin of M, and anastomosing immediately with R, 
the free basal piece of MA being very short; R + 
MA longer than Rs -f MA; MA, MP, CuA, CuP 



Fiona* 9. Eumartynovia raaschi n. sp. Drawing of fore wing (holotype). Lettering as in figure I. 
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and anals all unbranched; cross-veins very few; 
pterostigma apparently formed as in Martyruma, 
unpigmented and weak. 

Genotype: Phaneroneura martynovae, n sp 
All the specimens of this genus being isolated 
wings, we have no knowledge of the differences, if 
any, between the fore and hind wings. Although 
some of the wings are slightly broader basally than 
others, none show the obvious differences in shape 
exhibited by the fore and hind wings of Martynovia 
This genus contains the most highly specialized 
Martynovuds so far known The outstanding char- 
acteristics of the genus are the extensive anastomosis 
of MA with R, before the origin of Rs, and the reduc- 
tion in the number of cross-veins and branches of Rs 

Phaneroneura martynovae, n. sp 

Figure 10 

Fore wing, length, 12 5 mm.; width, 3 mm. 
Costal margin nearly straight, with only a slight m- 


the holotype. It may be a hind wing, however, 
since the posterior margin is slightly more rounded 
basally, and the origins of M, CuP and CuA are 
nearer the base than in the holotype. No. 4670, 
same collecting data (loc. 15-L) ; this is a nearly com- 
plete wing, lacking the proximal fifth of the wing. 

In addition to these, there are three more poorly 
preserved specimens. No. 4739 (loo. 15-L); no. 4740 
(loc. 8-M); and no. 4677ab Goo. 15-L). The last 
specimen consists of the distal half of a wing 3 5 mm. 
wide; this may be a hind wing. 

This species has been named for Olga Martynova, 
who worked on fossil insects for many years with 
her husband, Dr. A B. Martynov, and who has con- 
tinued her studies independently since his death in 
1938. 

Phaneroneura reducta, n. sp. 

Figure 11 

Fore (?) wing, length, 7 mm.; width, 2.5 mm 
Costal margin almost straight, as in the genotype; 



Fiouke 10. Phaneroneura martynovae n. sp. Drawing of fore wing based mainly on holotype. Lettering as 
in figure 1 


dication of concavity, apex narrowly rounded, 
costal space narrow at base, widest at level of origin 
of CuA; Sc weak distaUy, ending about mid- wing; 
pterostigma indicated only by a slight thickening of 
membrane; Rs forked twice, forming three branches, 
a strong cross-vein is present between Rs and R1 at 
each of these forks, R + M longer than MA + Rs; 
CuA nearly straight; CuP diverging abruptly away 
from the stem of Cu, 1A long, curved, 2A very short 
Two cross-veins are present between most of main 
veins and branches of Rs, their arrangement slightly 
variable in individuals. 

Holotype: No. 4675 ab, Museum of Comparative 
Zoology, collected in Midco insect beds (loc. 15-L), 
Noble- Co., Oklahoma (F. M. Carpenter and G O. 
Raasch). This is a well preserved and complete 
wing. 

Paratypes: No. 4738, Museum of Comparative 
Zoology same collecting data as holotype, except for 
quarry no. 8-M. This specimen is also a complete 
wing, with a venation almost identical with that of 


apex broadly rounded ; posterior margin strongly and 
evenly curved, costal space relatively broader above 
origin of CuA than in martynovae and more abruptly 
narrowed at end of Sc; Sc terminating at the middle 
of the wing; pterostigma very weakly indicated by 
slight thickening of membrane; Rs with but one fork 
though in the holotype only there is a weak incom- 
plete vein running from R2 + 3 towards the end of 
Rl; one cross-vein between Rs and Rl, at the fork 
of Rs; MA 4- R much longer than MA -f Rs; CuP 
not so abruptly diverging from the base of Cu as in 
martynovae, arising from the stem just proximad to 
the point of separation of MP and CuA (at least in 
holotype); 1A long; only -one cross-vein between the 
main veins of the wing, and none at all between 
R2 + 3 and R4 + 5. 

Holotype: No 4733ab, Museum of Comparative 
Zoology; collected in Midco insect beds (loc. 15-L), 
Noble Co., Oklahoma (F. M. Carpenter and G. O. 
Raasch). This specimen consists of an excellently 
preserved wing, complete except for the very base. 
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Figure 11 Phaneroneura reducta, n sp. Drawing of wing, based mainly on holotype Lettering as in 
figure 1 


Paratypes- No. 4737ab, Museum of Comparative 
Zoology; same collecting data (loc. 15-L) ; this is also 
nearly a complete wing, lacking only the very base; 
its venation is identical with that of the holotype, 
except for the absence of the adventitious vein from 
R2 + 3 No. 4741ab, same data (loo. 15-L) ; this is 
a well preserved wing lacking more of the base than 
the other specimens, it is 6 mm long and 2 5 mm. 
wide, R2 + 3 lacks the adventitious vein. 

The three specimens on which this species is based 
may be hind wings and I have considered the possi- 
bility that they might represent the hind wing of 
martynovae. However, in none of the other Marty- 
noviidae or in fact in none of the Megasecoptera as a 
whole so far known, do the fore and hind wings differ 
in venation, except of course for slight contour of 
the veins, etc. The specimens of reduda are dis- 
tinctly different in venation from those of marly- 
novae: Rs has only one fork instead of two, and there 
is only one cross-vein between all main veins, in- 
stead of two. Furthermore, the wings of reducta 
are only about half the size of those of martynovae, a 
difference which is not known to occur between the 
fore and hind wings of Megasecopters. It is my 
conviction therefore, that even if these specimens are 
hind wings, they do not belong to martynovae. 

Family Protohymenidae 

This family has previously been found m the 
Permian of Kansas and Russia. In the Oklahoma 
collection it is represented by four new species and 
one ( Protohymen readi Carp.) already described from 
the Elmo limestone Before discussing these species, 
however, I wish to consider certain venational as- 
pects of the Protohymenidae which need clarifica- 
tion. The homologies of the wing veins of the 
Carboniferous Megasecoptera have been generally 
agreed upon, for although in some genera there is 
slight venational anastomosis, the identity of all 
mam veins is obvious. This is also true of the vena- 


tion of most Permian genera, in spite of the increased 
amount of anastomosis, and the interpretation 
which I proposed (1031) for such specialized genera 
as Protohymen and Permohymen has been generally 
accepted (Tillyard, 1936, p. 447). Martynov, al- 
though accepting this view m relation to other views, 
advocated a very different interpretation of the 
structure of Re. He believes that the condition of 
the radiuB in Eohymen Mart. (1937) and Aspidohy- 
men Mart. (1930) represents an early stage in the 
evolution of this vein, ultimately leading to its 
structure in the Protohymenidae. In Aspidohymen, 
according to Martynov, Rs divides early into a distal 
branch (Rsds) and a proximal branch (Rspr), the 
former arises from the stem of Rs, then anastomoses 
with Rl, only to branch off again distally. In 
Eohymen the anastomosis of Rsds with Rl takes 
place further proximally, so that it appears to arise 
directly from Rl The amount of anastomosis of 
Rsds with Rl has increased during the subsequent 
evolution of the Protohymenoptera, in Protohymen, 
the origin of Rsds from Rl is at the level of the 
pterostigma; and in Asthenohymen the coalescence 
is complete. It is on the basis of the coalescence of 
these veins that Martynov separates the Proto- 
hymenoptera from the Order Megasecoptera, m 
which there has been no suoh anastomosis. 

I have two main objections to this proposal. In 
the first place, the evidence provided by Aspidohy- 
men and Eohymen is very questionable. Aspidohy- 
men is known by two species, extensus Mart. (1930, 
1937) and chopardi Zal. (1937) from the Russian 
Permian* Both of these species are based on 
unique wings, each lacking the proximal third. 
We have no knowledge, therefore, of the origin of 
any main veins except Rs. The part of the venation 
that is known is different in several respects from 


•Only extensus was known to Martynov, chopardi 
having been described just before his death. 
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that of the Protohymenidae and related families. 
In both species of Aspidohymen, for example, MA 
is forked (convex), 4 though it is simple in all other 
families which have been placed in the Protohy- 
menoptera; and Rs (Rspr of Martynov) is un- 
branched, another feature not occurring in other 
Protohymenoptera • Furthermore, I am convinced 
that Martynov has not correctly homologized 
certain veins in Aspidohymen He does not indi- 
cate in his figure of extensua whether the distal 
branch of Rs (Rads) is convex or concave; probably 
its nature was not suggested in the poorly preserved 
type But Zalessky’s figure of chopardx, which is 
based on a better fossil shows this vein to be convex 
(+), not concave. It cannot therefore be a branch 
of the concave Rs 

The genus Eohymen is also based on a poorly pre- 
served wing, as indicated by the broken and dotted 
lines m Martynov’s figure (1937, fig. 1). There arc 
many features of the preserved part of the wing 
which are entirely foreign to the Protohymenidae, 
etc , such as the double row of cells between certain 
veins and the remoteness of R from the costal mar- 
gin. Martynov presents no evidence showing that 
this wing is actually related to the Protohymenidae, 
but even if we assume that it is, the gap between it 
and Protohymen is too great for it to be taken as the 
basis of the explanation of the protohymenid wing 

The Protohymenidae, also, furnish evidence 
which refutes Martynov’s theory of the protohy- 
menopterous venation A detailed examination of 
the pterostigmal area of Protohymen shows Rl 
running along the posterior edge of the pterostigma 
After giving rise to the vem a (figure 12A), it appears 
to continue for a short distance along the ptero- 
Btigma (b). A similar condition occurs in all Bpecies 
of the genus, with but slight variation The ptero- 
stigmal area of Permohymen is obviously of the 
same general type. Now Martynov identified the 
vein a as the reduced distal branch of Rs (Rsds), 

* In spite of the convexity of both branches of MA, 
Martynov identified the anterior one as Rs4. 

* It should be noted that the nature of the origin of 
Rs in Aspidohymen is uncertain In his original draw- 
ing of extensue Martynov showed three thin lines above 
his Rs (at origin of Rs); in my copy of his figure (1930, 
fig. 4), I omitted the posterior one of these three, being 
under the impression that two of the lines represented 
the width of R Martynov called attention to this omis- 
sion (1937, p 63) and stated that only by omitting that 
vein would my interpretation be possible However, 
Zalessky's later figure of chopardx shows no such vein 
there in his better preserved fossil, his drawing being 
exactly like my copy of Martynov’s in that respect. 


but he apparently overlooked the fact that this vein 
is distinctly convex, as Bhown in my figure of 
pemianus (1930, fig. 1). The convexity of this 
vein is clearly indicated in all well preserved speci- 
mens of Protohymen, especially in those of the Midoo 
beds. It can only be Rl, therefore, not a part of Rs 
(concave). 

For the foregoing reasons I believe that Mar- 
tynov’s interpretation of the protohymenid vena- 
tion is based on doubtful evidence and has more 
facts against than for it. A simpler and more 
direct explanation of the pterostigmal area in the 
Protohymenidae was contained in my first paper on 
the Protohymenoptera (1930) but was overlooked 
by Martynov The suggestion was made there 
that the apparent anterior “branch” of Rl (6 in 
figure 12) might be a modified cross- vein. An ob- 



Figcbe 12. Pterostigmal area. Protohymen venuetue, 
n. sp. (A); and Permohymen echucherti Till. (B), from 
the Lower Permian of Kansas. For lettering see text. 


hque cross-vein actually does occur at this point in 
many Megasecoptera, though it is usually weakly 
preserved. A slight change in the angle of inclina- 
tion of this cross-vein, together with the thickening 
of the pterostigma, would produce the condition 
found in Protohymen. 

Genus Protohymen Till. 

Protohymen Tillyard, 1924, Amer. Jouro. Sci. (8) 8 : 
114; Carpenter, 1930, Psyohe, 87 : 349. 
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Fkicrb 13. Protohymen curvatus, n. sp Drawing of fore wing (holotype). Lettering as in figure 1. 


Protohymen curvatus, new species 
Figure 13 

Fore wing: length, 12 mm.; width 3.5 mm.; wing 
membrane distinctly uneven, the center of the cells 
of the wing bulging slightly above the edges . Costal 
margin straight or nearly so, as far as the middle of 
pterostigma; apex pointed, the tip of the wing more 
posterior than anterior; posterior margin strongly 
curved for its entire length, Sc and R1 as in permi- 
anus; MA anastomosed with Rs for a very short 
distance only, 1A more remote from the margin 
than in permianus, especially distally; rest of vena- 
tion essentially as in permianus. 

The hind wing of this insect is apparently repre- 
sented by a wing (no. 4666) 14 mm. long and 3.9 
mm wide, its shape is like that of the specimen just 
described, except that the anal margin is more 
broadly rounded. 

Holotype: No. 4666ab, Museum of Comparative 
Zoology; collected in Midco insect bed (loc 8-M), 
Noble Co., Oklahoma (F. M. Carpenter & G. 0 
Raasch). This is a complete and splendidly pre- 
served wing Paratype. No. 4665ab, Museum of 
Comparative Zoology; same collecting data; it is a 
complete wing with a more broadly rounded anal 
margin than the holotype, but with an identical 
venation, except for the position of the cross-veins 

In addition to these specimens there are two 
others, not so well preserved; no. 4686ab (loc 15-L), 


a hind (?) wing; and no 4683 (loc. 12-M), a fore (?) 
wing. 

Although the wing of curvatus resembles that of 
permianus in general form, it differs chiefly in having 
the posterior margin curved for its entire length, 
and in having a more sharply pointed apex. The 
wing membrane of curvatus is curiously uneven. 
The occurrence of this peculiarity in all specimens 
of curvatus shows that it is not an individual condi- 
tion or the result of unusual preservation Viewed 
under oblique light the membrane forms a series of 
shallow bulges and depressions. No other proto- 
hymenid possesses this characteristic, except the 
following new species (lotus). 

Protohymen latua, new species 
Figure 14 

Hind (?) wing: length, 15 mm.; width, 4 2 mm., 
wing membrane uneven, as in curvatus; shape of 
wing much like that of curvatus, but anal margin 
more broadly rounded; costal margin nearly straight 
for most part, but starting to curve somewhat be- 
fore the beginning of the pterostigma; apex slightly 
more rounded than in curvatus; posterior margin 
curved for its entire length; 8c and R1 as in permi- 
anus; MA anastomosed with Rs for a very Bhort 
interval; 1A very remote from posterior margin, 
especially distally; a cross-vein present between 1A 
and margin near base of wing, and one at about the 
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same level between CuP and 1A. Rest of venation 
as in permianus. 

Holotype. No. 4667, Museum of Comparative 
Zoology, collected in Midco insect bed (loc. 8-M), 
Noble Co , Oklahoma (F. M. Carpenter and G. 0. 
Raasch) . This is a well preserved wing, complete 
except for the very base of the costal margin The 
broadly rounded posterior margin suggests that it 
is a hind wing and it may eventually turn out to be- 
long to curvatus. Both curvatus and lotus have 1A 
more remote from the margin than it is in any other 
Protohymen; but in lotus the distance between that 
vein and the margin is so much greater than m 
curvatus that I believe lotus to be a distinct insect. 
The remoteness of 1A from the margin is interesting 
phylogenetically because it approaches the structure 
of certain Carboniferous Megasecoptera The prox- 
imal cross-veins between 1A and the margin and 
CuP and 1A may be individual traits only, but 1 
have not seen them in other specimens of the genus. 

Protohymen venustus, new species 
Figure 16 

Fore (7) wing: length, as preserved. 11 mm ; 
estimated length of complete wing, 12 5 mm , 


curvatus than of permianus, but it is narrower proxi- 
mally and the membrane is decidedly smooth, as in 
permianus. 

Protohymen largui, new species 
Figure 16 

Fore wing: length as preserved, 18 5 mm.; esti- 
mated complete length, 21.5 mm.; width, 4.8 mm.; 
membrane smooth; costal margin straight as far as 
the beginning of the pterostigma, the apical curva- 
ture beginning at that point; apex nearly symmetri- 
cal; middle part of posterior margin straight; So and 
R1 as in permianus, pterostigma narrower than in 
permianus and curvatus; MA anastomosing with Rs 
for a very short distance; 1A close to hind margin, 
as in dongatus Carp.; rest of venation as in permi- 
anus. Hind wing unkn own. 

Holotype- No. 4671, Museum of Comparative 
Zoology, collected in the Midco insect beds (loc. 
16-L), Noble Co., Oklahoma (F. M. Carpenter and 
G. O. Raasch). There is a second, more poorly 
preserved specimen in the collection, no. 4672ab 
(loc. 12-TJ); it has a wing length of 15 mm. and a 
width 13.5 mm. 

This is the largest species of Protohymen known, 



Figure 16 Protohymen venustus, n sp Drawing of holotype. Lettering as in figure 1. 


width, 2 8 mm Membrane smooth, as in permianus; 
slenderly oval in shape, costal margin straight only 
to the proximal end of the pterostigma, the apical 
curvature beginning at this point; apex acute; 
posterior margin regularly curved for its entire 
length; Sc and R1 as in permianus, pterostigma not 
so broad as in permianus and curvatus, MA coalesced 
with Rs for a longer interval than in curvatus; rest of 
venation as in pemtonus. Hind wing unknown 
Holotype: No. 4668, Museum of Comparative 
Zoology; collected in the Midco insect beds (loc 
15-L), Noble Co , Oklahoma (F. M Carpenter and 
G 0 Raasch). This is a splendidly preserved wing, 
complete except for the very base 
This graceful wing differs from that of the de- 
scribed species of Protohymen in having the apex of 
the wing nearly symmetrically curved. In other 
respects the shape of the wmg is more like that of 


its wmg expanse was obviously about 45 mm , 
whereas that of permianus was not over 30 mm. In 
size and shape the wing approaches that of dongatus 
Carp., from Elmo limestone, but the latter has a 
pointed and very asymmetrically curved apex, 
whereas that of largus is rounded and nearly sym- 
metrical. 

Protohymen readi Carp. 

Protohymen readi Carpenter, 1933, Proc. Amer. 

Acad 68:425 

One specimen (no. 4679) which appears to be this 
species is also included in the Oklahoma collection. 
The wing is 15 mm. long and 3.5 mm. wide and it 
lacks only the very base It has the strong cross- 
vein proximal to the pterostigma as in readi, as well 
as the very pointed apex of the latter. This is the 
only species of the family Protohymenidae in the col- 
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Figure 16. Protohymen largus, n. up Drawing of fore wing (holotype). Lettering as in figure 1. 


lection at hand which appears to be common to the 
Elmo and Midco insect beds. 

Family Asthenohymenidae 

These are the most abundant of the Megasecop- 
tera in the Midco beds, so far as the number of 
individuals is concerned. Slightly more than a 
hundred specimens are included in the present col- 
lection. All of these belong to Asthenohymen, the 
only genus of the family known. A careful study of 
this material, during which drawings were made of 
about a third of the specimens, shows that four new 
species are included, in addition to A dunbari Till, 
and A pusiUus Till , both originally described from 
the Elmo beds in Kansas. Because of the uniformity 
of the venation in this genus, the species have been 
based almost entirely on the shape and size of the 
wings It is of oourse probable that each of these 
species actually consists of several species, differing 
from each other in details of body structure, such as 
genitalia; but we are obviously unable to make such 
distinctions in the fossils. 

Three of the new species described below are 
unfortunately known only by isolated wings. Pre- 
sumably, however, the fore and hind wings of these 
species differ from each other in much the same way 
as those of dunbari and apxcahs, n. sp., of which 
complete specimens are known, i. e., the anal margin 
of the hind wing is slightly more broadly rounded 
than that of the fore wing and the costal space is 
somewhat narrower. 

Study of the new Asthenohymenidae has con- 
vinced me that my previous interpretation of the 
structure of the radial sector requires modification. 
In my original account of the venation of these in- 
sects (1930), I was led to conclude, by analogy with 
the Protohymenidae, that MA was coalesced with 
Rs much as in the latter, except that the free piece 
of MA had become transversely arranged, more or 
less at a right angle to Rs, so as to resemble a cross- 
vein. This interpretation seemed certain to be cor- 
rect in view of the condition in the Protohymenidae, 
which were generally considered very closely related 


to the Asthenohymenidae, and it was accepted by 
Martynov, Tillyard, and other students of fossil 
insects. I now believe that, although MA is oer- 
tainly anastomosed with Rs, the transverse vein 
mentioned is not part of MA. A comparison of the 
figures of the Martynovndae (Figure 17), especially 
Phaneroneura, with those of Asthenohymen, will 
make clear my present interpretation of the latter. 
There is a striking resemblance between the vena- 
tion of Phaneroneura and that of the Asthen- 
ohyraenidae; and the differences are in all cases due 
to specialization on the part of Asthenohymen , except 
for the number of cross-veins. The most significant 
feature of the Martyoviidae is the nature of the 
anastomosis between Rs and MA In M. longi- 
pennis, the amount of coalescenoe is very slight— in 
fact MA hardly more than touches Rs In Eu. 
raa8chi, MA joins R well before the origin of Rs, and 
m Phaneroneura Rs joins R much nearer the base of 
the wing. In view of the similarity between the 
venation of Asthenohymen and Phaneroneura, it now 
seems to me that the condition m the latter repre- 
sents a stage through which the asthenomenid wing 
has passed. Hence, the real base of MA in Asthen- 
ohymen has been completely lost by the proximal 
migration of its origin, and the transverse vein which 
has previously been thought to be part of MA is 
really only a cross- vein. In this connection it is 
noteworthy that in many specimens of Asthenohymen 
the cross-vein indicated is distal of the point of 
separation of MA from Rs (see Carpenter, 1930, 
fig. 4). It is of course true that the number of 
cross-veins in Phaneroneura is not quite so large as 
in Asthenohymen; but it is extremely improbable 
anyway that Phaneroneura itself gave rise to the 
Asthenohymenidae; m all probability a related 
genus, with a similar structure of Rs and with more 
cross-veins, was in the direct line of ancestry. 

It follows from the foregoing discussion, of course, 
that the Asthenohymenidae are not at all closely 
related to the Protohymenidae This is of interest 
because it substantiates the evidence provided by 
the position of the wings at rest in the two families. 
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Figure 17. Comparison of venation of Martynovudae and Asthenohymen- 
ldae. A, Mariynoma longipennu, n. sp. (Martynovudae), B, Eumartyruma 
raatch t, n. sp. (Martynovudae) ; C, Phaneroneura martynovae, n. sp (Martyno- 
■viidae); D, PhaMronewra reduda, n. sp. (Martynovudae), £, Atlhenchymen 
apical**, n. sp. (Astbenohymenidae). Lettering as in figure 1. 
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The Asthe&ohymenidae are known to have been able 
to fold their wings back over the abdomen at rest, 
whereas the Protohymenidae were apparently not 
able to do so. I have discussed this question in my 
account of the Carboniferous Prochoropteridae 
(1940), which were also able to fold their wings over 
the abdomen, and have pointed out there that al- 
though at first glance the Asthenohymenidae did 
not seem at all closely related to the Prochoropteri- 
dae, the ability to fold the wings probably did not 
arise independently in the two families. According 
to the new interpretation of the asthenohymenid 
venation, however, the Prochoropteridae and As- 
thenohymenidae are really very close relatives. 

Genus Asthenohymen Till. 

Asthenohymen Tillyard, 1924, Amer. Jour. Sci. 8: 

117; Carpenter, 1939, Proc. Amer. Aoad. Arts 

Sci. 73: 31. 

Asthenohymen triangularis, new species 

Figure 18 

Fore wing: length, 10 mm.; width, 3 mm Proxi- 
mal part of wing much narrower than the distal part, 


The wings of this species are more nearly triangu- 
lar in shape than those of dunbari or puriUus The 
width of the wing at the level of the origin of CuA 
is 1.2 mm., whereas the maximum width is 3 mm., 
or 2.5 times the basal width. The size of the holo- 
type is greater by about 2 mm. than that of any 
dunbari which I have seen from either the Elmo or 
Midoo beds. 

Asthenohymen aplcalis, new species 
Figure 19 

Fore wing* length, 7.5 mm; width, 2 5 mm. 
Proximal part of wing only moderately wider than 
the basal part; costal margin very nearly straight, 
with only a slight bulge at the level of the origin of 
CuP, apex distinctly pointed, the apical curvature 
beginning before the level of the pterostigraal cross- 
vein, posterior margin at least slightly curved for its 
entire length; Rl slightly curved away from margin 
at pterostigma; pterostigma distinctly darker than 
the rest of the membrane; 2A short, as in triangu- 
laris, venation in other respects like that of dunbari 
Hind wing* similar to fore wing in size, venation 



Figure 18. Asthenohymen tnangulans, n sp. Drawing of fore wing (holotype). Lettering as in figure 1. 


the wing as a whole being narrowly triangular; 
costal margin very nearly straight, with a slight 
bulge above the ongm of CuP; apex rounded, the 
apical curvature beginning at about the pterostig- 
mal cross-vein, posterior margin nearly straight at 
the middle part, Rl slightly curved away from 
margin at pterostigma, pterostigma not perceptibly 
pigmented in type, 2A short, as in pusiUus, venation 
in other respects like that of dunbari. 

Holotype no 4717, Museum of Comparative 
Zoology; collected in the Mfdco insect beds (loc. 
15-L), Noble Co , Oklahoma (F. M Carpenter and 
R. O. Raasch). This specimen consists of a com- 
plete and splendidly preserved wing; its narrowed 
ana] region indicates that it is a fore wing. In addi- 
tion to the type there are two other specimens (nos. 
4716, 4743) which have a wing-shape like that of the 
holotype, but the length of the wings is only 6 mm. 


and shape (including pointed apex), but anal region 
is slightly broader. 

Holotype: no 4722, Museum of Comparative Zo- 
ology; collected in Midco insect beds (loc. 15-L), 
Noble Co., Oklahoma (F. M. Carpenter and G. 0. 
Raasch). This consists of a splendidly preserved 
and complete fore wing; no. 4700 (loc. 15-L), a com- 
plete fore wing, no. 4705 (loo. 31), a complete fore 
wing; no. 4710, a complete hind wing; no. 4721 
floe. 15-L), a complete hind wing; No. 4744 (loc, 
16-L), a nearly complete fore wing; no. 4745 (loc. 
4-L), a complete fore wing, no. 4783 (loc. &-M), a 
complete specimen, with parts of all wings, thorax 
and abdomen, the body is 12 mm. long, which is 
about one and a half times the length of dunbari. 
The eyes seem more protuberant than in dunbari, 
though preservation may be the cause of this differ- 
ence. 
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Figure 19. Aathenohymen aptcalta, n sp Drawing of fore wing, baaed mainly on holotypc Lettering as m 
figure 1. 


This species is distinguished from dunban and 
other described members of the genus by the pointed 
apex and strongly curved posterior margin. It is 
the commonest species of Asthcnohymen in the 
Midco beds, next to dunhari, there being ten other 
specimens (nos. 4746 or 4727) in the collection in 
addition to the types. I have identified specimens 
nos 4721 and 4710 as the hind wings of this insect 
because they differ from the holotype just as the 
fore and hind wings of duixban differ 

Aathenohymen parvulus, new species 
Figure 20 

Fore wing length, 4 3 mm , width, 15 mm 
Distal part of wing much broader than proximal 
part; costal margin nearly straight, with a slight 
bulge over the origin of CuP, distal margin of wing 
broadly curved, but the very apex is pointed; Rl 
curved away slightly from the margin at pterostig- 
ma; 2A close to hind margin and very short, the 
curved cross-vein joining it to 1 A being fully as long 
as the part of 2A from the cross- vein to the base; 
venation in other respects as in dunban. 

Hind wing a specimen which I have identified as 
the hind wing of this species is 4 2 mm long and 1 5 
mm wide and has more or less rounded anal margin , 
in other respects it is similar to the fore wing. 

Holotype. No 4747, Museum of Comparative Zo- 
ology; collected in the Midco beds (loc 15-L), 
Noble Co , Oklahoma (F. M. Carpenter and G. O. 
Raasch) This specimen is a remarkably well pre- 


served and complete fore wing. P&ratypes: No. 
4698 (loc. 15-L) ; this is a complete hind wing, well 
preserved, No 4711 (loc 15-L), a complete fore 
wing having the same size, shape and venation as 
the holotype 

This insect, which could not have had a wing ex- 
panse of more than 10 mm , is the smallest Megaee- 
copteron known The wingB are shaped somewhat 
like those of tnangvlaris, but are less than one-half 
as long and of course have a pointed apex The 
narrowed anal area of the fore wing has brought 2A 
closer to the wing margin than in other known 
species of the genus 

Aathenohymen l&tus, new species 
Figure 21 

Fore wing, length 7 mm., width 2.2 mm. Costal 
margin of wing nearly straight, only a slight bulge 
above origin of CuP, posterior margin strongly 
curved for its whole length, apex rounded, but the 
very tip pointed, wing broadest just beyond middle, 
Rl strongly curved away from margin at ptcro- 
stigma, pterostigma strongly pigmented in holo- 
type, Cu2 extremely short, the cross-vein connect- 
ing it to 1A being closer to the base of CuA than in 
other species Hind wing similar to the fore wing, 
but with slightly more rounded anal margin; the 
specimen identified as a hind wing has a length of 
7 mm and width, 2 5 mm 

Holotype no 4720, Museum of Comparative 
Zoology, collected in Midco insect beds (loc. 15-L), 



Figure 20. Aathenohymen parvulua, n. sp. Drawing of fore wing (holotype). Lettering 


in figure 1. 
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Fioube 21. Asthenohymen lotus, n sp. Drawing of fore wing (holotype) Lettering as in figure 1 


Noble Co , Oklahoma (F. M Carpenter and G O 
Raasch). This is a very well preserved and com- 
plete fore wing. Faratypes: no. 4702 (loc 15-L), & 
complete fore wing: no. 4782 (loc. 8-M), a complete 
hind wing 

This species resembles apicalu in having the 
strongly curved posterior margin, but the extreme 
width of the wing is umque, as is also the basal part 
of the cross-vein between 1A and 2A. 

Aslhenohymen dunbari Till. 
Asthenohymen dunbari Tillyard, 1924, Amer Jour 
Sci. 8: 117; Carpenter, 1939, Proc. Amer Acad 
Arts Sci. 73: 31. 

In the Midco collection there are about forty well 
preserved specimens which appear to be identical 
with dunbari, originally found in the Elmo limestone. 
All of these specimens consist of isolated wings and 
it is of course possible that the Oklahoma specimens 
differed from those in the Elmo limestone in body 
structure (e. g. genitalia); but until evidence to the 
contrary has been found, I consider them to be 
dunban, 

Asthenohymen pusiUus Till. 
Aslhenohymen pusiUus Tillyard, 1926, Amer. Jour. 
Sci. 11: 68; Carpenter, 1933, Proc. Amer. Acad. 
Arts Sci. 68 : 429. 

Seven specimens of this insect are present in the 
Oklahoma collection. As I have pointed out in the 
case of dunbari, we have no way of knowing whether 
or not the body structure differed from that of the 
Kansas material It is interesting to note that 
pusiUus is rarer than dunbari m both the Elmo and 
Midco beds. 

The Venation and Relationships 
or the Megasecoptera 

The term “Megaseoopterida” was first used by 
Brongniart (1885) for a ‘‘family’’ of several genera 
from the Carboniferous of France and England. 
This group he originally (1885) placed in his Order 
Pseudo-Neuroptera, together with the Protodonata 


and Protephemerina; but later (1894) he assigned it 
to the “Neuropteroid series” of the Order Palaeo- 
dictyoptera Handlirsch subsequently (1906) ele- 
vated the Megaseoopterida to an order, changing the 
name to Megasecoptera Additional Carboniferous 
genera, including four from North American depos- 
its, have been referred to the order by Scudder, 
Handlirsch, Meunier, and Carpenter. The first 
Permian Megasecoptera ( Protohymen , Pennohymen 
and Asthenohymen) were found in Kansas and de- 
scribed by Tillyard (1926) in a new order, Proto- 
hymenoptera, considered by him ancestral to the 
Hymenoptera Other representatives of this group, 
subsequently collected in the Kansan and Russian 
Permian, furnished evidence that the Protohymen- 
optera were really closely related to the Megasecop- 
tera and could be considered a suborder within it. 
During the past twenty years sixteen more genera 
of Permian Megasecoptera have been described, 
some being obviously allied to the Protohymen- 
optera, and others to the Carboniferous or Eume- 
gasecopterous families. It has now become apparent 
that the Order Megasecoptera, instead of being 
primarily a Carboniferous order, did not attain its 
maximum development until the Permian Period. 
The interrelationships of these Permian and Car- 
boniferous genera have not been at all clear, and the 
whole picture of the order has been most confused; 
but some of the recently discovered fossils, including 
those described above, have indicated what appears 
to be the general pattern of evolution within the 
order, and, at the same time, have raised broader 
questions of the relationships between the Megasec- 
optera and other orders. 

When, in 1926, Tillyard described the so-called 
Protohymenoptera from the Kansan Permian, he 
noted that although the Protohymenidae (Protohy- 
men and Permohymen) were always preserved with 
their wings outspread, i. e., in the usual palaeop- 
terous condition, the Asthenobymemdae were pre- 
served with their wings folded over the abdomen, 
i. e. in the usual neopterous condition. He later 
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(1936) elaborated on the significance of this differ- 
ence, and concluded that, “It must now be evident 
that a group of insects, the Order Megasecoptera, 
which began as Palaeoptera, have within the limits 
of a single small derived group, the Protohymen- 
optera, evolved into a highly specialiied Neopterous 
type, the family Asthenohymenidae! I do not sup- 
pose that anybody will attempt to claim that 
Atthenohymen should be separated from its obvious 
relatives, Protohymen and Permohymen, which 
rested with their wings outspread, in order to pre- 
serve the two subdivisions Palaeoptera and Neop- 
tera, which are now seen to cut across the actual 
phytogeny of these ancient groups. The only logical 
course is to suppress the two groups Palaeoptera and 
Neoptera, and adopt a classification more in keeping 
with the facts. 

“Surely it must have been obvious for a tong time 
that all Neoptera have been derived from extinct 
Palaeopterous types. Now the fossil record shows 
us a group, Protohymenoptera, of either ordinal or 
subordinal rank, whichever you prefer, in which the 
change is seen actually taking place . . . My con- 
clusion is that the Order Protohymenoptera shows 
affinities with both the Megasecoptera and Hy- 
menoptera. It should be regarded as a specialized 
offshoot from the common ancestor of the Megase- 
coptera and the Odonatoid complex . . . and, at 
the same time, as a remnant of the group from which 
the Hymenoptera have been evolved ” 

I have quoted these two paragraphs because they 
were Tillyard’s last statements relative to the 
Protohymenoptera and because of their broad phylo- 
genetic implications. If I understand these remarks 
correctly, Tillyard contends (1) that the neopterous 
condition is of polyphyletio origin, and (2) that the 
Hymenoptera are derived, through the Protohymen- 
optera, from the common ancestors of the Megase- 
coptera and the odonatoid complex It is to be 
noted that no mention is made of the Neuroptera, 
Mecoptera, and other holometabolous insects which 
are usually regarded as close relatives of the Hymen- 
optera However, in 1932 (p 23) Tillyard re- 
marked that if the Protohymenoptera should turn 
out to be “descended from Megasecoptera, then we 
may also have to reconsider Handlirech’s view that 
the Neuroptera are similarly derived.” 

Since the above articles were written, several 
fossils have been found which indicate that the origin 
of the neopterous condition in the Protohymenoptera 
is not so simple as Tillyard supposed. Tillyard 
himself subsequently described (1937) another 
Megasecopteron ( Elmoa ) from the Kansas Permian, 
representing a new family and in his opinion a rem- 


nant of a very old megaseoopterous group. This 
insect subsequently turned out (Carpenter, 1943) to 
have the neopterous wing condition, like Asthenohy - 
men. Furthermore, certain Carboniferous genera 
are now known to share the same characteristic — 
two American genera of the family Prochoropteridae 
(Carpenter, 1943) and the genus Duiphanoptera, 
from France (Brongniart, 1885). Other related 
families, as the Martynoviidae, were almost certainly 
similarly neopterous, although, since no complete 
specimens have been found, we have only indirect 
evidence of it 

Such a series of forms at once suggests that the 
ability to fold the wings over the abdomen, instead 
of being developed independently by the Permian 
Asthenohymenidae, arose in a more ancient and 
generalized stock This conviction is strengthened 
by the obviously close relationship between tho 
groups mentioned A comparison of the wings of 
the Elmoidae, Martynoviidae and Asthenohymeni- 
dae reveals several striking characteristics common 
to all The most obvious of these is the proximal 
convergence of the strongly convex CuA and R, 
forming an angle bisected by the stem of M; another 
is the relative remoteness of R1 and So from the 
costal margin, as contrasted with the position of 
these veins m the Protohymenidae I have shown 
above, under the account of the Asthenohymenidae, 
that the venation of this family can best be explained 
by comparison with that of the Martynoviids, not 
with that of the Protohymenids. It is therefore my 
conviction, on the basis of the evidence now at hand, 
that the families mentioned (Diaphanopteridae, 
Prochoropteridae, Elmoidae, Martynovudae, As- 
thenohymenidae) form a smgle phylogenetic line, all 
having the ability to fold their wings over the abdo- 
men when at rest;' and that the other families, such 
as the Carboniferous Aspidothoracidae, Corydaloi- 
didae, Mischopteridae and the Permian Protohy- 
menidae, belong to another phylogenetic line, all 
holding the wings outspread at rest. This concept 
separates the family Asthenohymenidae from the 
Protohymenidae, and indicates that both of these 
families are highly specialized members of widely 
divergent lines. The only other alternative is to 
assume that the Asthenohymenidae have independ- 
ently developed the neopterous wing folding, the 
convergent R and CuA, and the other characteristics 
common to the Elmoid group. Such an assumption 
seems most unlikely, at best. 


' It is of course possible that some other described 
families, represented only by fragmentary specimens, 
are members of this series. 
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We are now confronted by even broader questions 
than were proposed by Tillyard. First, can these 
two divergent lines be considered members of the one 
order, Megaeeooptera? Second, is the asthenohy- 
menid line derived from the neopterous stock which 
produced all other neopterous insects, or does it rep- 
resent an independent development of folded wings? 
At present we do not have nearly enough evidence 
to enable us to answer these questions, but there are 
certain points which can be brought out at thig time 
Although the nature of the wing venation and articu- 
lation suggests that the Asthenohymenidae and 
Protohymenidae are not so closely related as Tillyard 
supposed, both families, and the lines they represent, 
do possess certain characteristics in common. The 
wing membrane was smooth and glassy, and the fore 
and hind wings were nearly homonomous Both 
the Asthenohymenidae and Protohymenidae, as well 
as all other Megasecoptera in which Buch structural 
details are known, had very long and multisegmented 
oerci. The inclusion of the asthenohymenid and 
protohymenid lines within one order has, therefore, 
some evidence to support it, in spite of other evi- 
dence against it. 

The answer to the first question will largely be 
determined by the answer to the second. If it can 
be shown that the ability to fold the wings over the 
abdomen was independently developed in the asthe- 
nohymenid line, then presumably there could be no 
objection to including both lines in the one order 
On the other hand, if it can be shown that all or any 
other orders of neopterous insects have been derived 
from the asthenohymenid line, the two lines should 
probably be separated into different orders The 
latter possibility has several interesting and sig- 
nificant implications. Tillyard has expressed the 
conviction (1926) that the Hymenoptera have been 
descended from his Order Protohymenoptera and 
specifically from the protohymenid, rather than the 
asthenohymenid stock. This clearly means an in- 
dependent development of the neopterous condition 
in the Hymenoptera and the Asthenohymenidae, for 
the protohymenid line was obviously palaeopterous 
Tillyard has also suggested that the Neuroptera 
(and presumably all p&norpoid orders) were derived 
from the Megasecoptera (1932), but he does not 
indicate whether he had referetfce to the Protohy- 
menidae or some other group of Megasecoptera 
This recalls Handlirsch’s proposal that the Meoop- 
tera, Trichoptera, Diptera, and Lepidoptera are de- 
scended from the Megasecoptera, though he con- 
cluded also that the Neuroptera and Meg&loptera 
were independently evolved from the Palaeodicty- 
optera, and he postulated a polyphyletic origin of 


complete metamorphosis. The latest and most 
radical suggestion is by Forbes (1943), who contends 
that all the Megasecoptera, including Protohy- 
menidae, had complete metamorphosis and that the 
genus Diaphanoptera was really a primitive genus of 
Neuroptera. 

I have discussed these phylogenetic questions to 
show the full significance of some of the suggestions 
which have been made regarding the relationships 
of the Megasecoptera. In my opinion, far too little 
evidence is available to enable us to come to any 
conclusions on these issues Furthermore, I con- 
sider it futile to make taxonomic changes, such as 
transferring the genus Diaphanoptera to the Neurop- 
tera, until the evidence is more nearly conclusive. 
It is, of course, highly profitable to consider the pos- 
sible phylogenetic position and significance of fossil 
and Recent forms, but to change the systematic posi- 
tion of the genera and families according to the latest 
piece of evidence serves only to increase confusion. 

I do propose, however, a modification of the use of 
the terms “Protohymenoptera” and “Eumegasecop- 
tera.” The former was originally employed by 
Tillyard as an ordinal name to inelude the Pro to- 
ll ymenidae and Asthenohymenidae; but in more re- 
cent years it has been used to include all the Mega- 
secoptera-like forms from Permian strata. “Eu- 
megasecoptera” has been employed as a subordinal 
name for all Carboniferous Megasecoptera. The 
separation of the families Asthenohymenidae and 
Protohymenidae into distinct phylogenetic lines, as 
suggested above, requires a slight change in the con- 
cept of the term Protohymenoptera. Since Tillyard 
specifically stated that the Protohymenidae were the 
typical members of the Protohymenoptera, they 
should presumably be included under the latter; and 
I propose to place also under the Suborder Protohy- 
menoptera the other families of the protohymenid 
line mentioned above, i. e., the Aspidothoraeidae, 
Corydaloididae, and Misohoptendae Similarly, I 
propose that the members of the Asthenohymenid 
line (Diaphanopteridae, Prochoropteridae, Elmoidae, 
Martynovidae, and Asthenohymenidae) be placed in 
the Suborder Eumegasecoptera. The position of 
other megaeecopterous families, both Carboniferous 
and Permian, will not be clear until more of their 
structure is known. 

Order PROTODONATA 

Seventeen specimens of three species of Proto- 
donata are included m the Midco Collection. These 
figures indicate that members of the order are rela- 
tively less common in the Midoo than in the Elmo 
beds, which has yielded thirty-six specimens of six 
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(species However, the larger size of the entire col- 
lection from Elmo is at least partially responsible 
for the discrepancy in the figures. 

The three protodonates from the Midco beds be- 
long to the family Meganeundae, each to a different 
subfamily. All the Elmo species are likewise Mega- 
neurids, 7 but whereas most of the specimens from 
Midco are Meganeunnes, the majority of those from 
Elmo are Ty pines. 

Family Meqanboridae 
Subfamily Meganeurinae 
Genus Meganeuropaia Carp. 
Meganeuropaia Carpenter, 1939, Proc Amer. Acad. 

ArtsSci 73:39. 

This genus was established for a single species 
( permiana ) from the Lower Permian of Kansas 
(Elmo). The species was represented only by two 
wing fragments of different individuals, but enough 
was preserved to indicate that the insect was allied 
to Meganeura and that it was at least as large as the 
Carboniferous M . monyi Brong , from France. In 
the Midco collection there are thirteen specimens of 
Megancuropsis, all apparently belonging to one 
species, described below as amencana. These addi- 
tional specimens enable us to form a more satisfac- 
tory conception of the genus than previously. In 
the fore wing, the precostal space is long and taper- 
ing, extending beyond the middle of the wing, as in 
all Meganeundae Sc continues very nearly, if not 
entirely, to the apex of the wing The stems of R 
and M are partially fused, forming a double vein, as 
in other Meganeundae Rs arises nearly at the 
separation of R and MA, at a point slightly along 
MA. R4 + 5 originates about one-fourth the wing 
length from the base At the ongin of R2 there is a 
distinot oblique vein, as in the Typinae One or 
two cross-veins between 1A and CuP near the base 
of the wing are slightly oblique, as m Meganeura 
The area between 1A and the posterior margin is 
like that of Meganeura though the coriaceous area 
at the very base is not so extensive The hind wmg 
is unknown, except for a very small pieoe at the base, 
showing a strongly curved CuP, as in Megatypus. 

Meganeuropaia differs from Meganeura in having 
a narrower precostal area basally and a smaller cori- 
aceous area at the base of the anal region Other 
differences will probably be apparent when the com- 
plete fore wmg of M eganeura is known . The oblique 


7 The family Calvertiellidae, known only from Elmo, 
is now placed m the Palaeodictyoptera. See Carpenter, 
1943, pp. 530, 548. 


vein at the origin of R2 has not been seen in any 
species of Meganeura. 

The two known species of Meganeuropaia were 
very large; the new Midco species was about the size 
of Meganeura monyi Brongn. (Commentry, France) 
while the genotype (permiana) was even larger. 
There is no doubt that Meganeuropaia is closer to 
Meganeura than to Megatypue and its relatives; but 
the differences between the Meganeurinae and Ty- 
pinae are not so great as has been thought. Tillyard 
(1924, 1925) separated the two subfamilies on the 
position of ongin of R4 + 5 (R3, Tillyard’s nota- 
tion), but the ongin of this vein is actually identical 
in Meganeura and Megatypue (Carpenter, 1943). 
The only obvious difference between the two sub- 
families is in the length of the precostal area. 

Meganeuropsls americana, n sp. 

Figures 22, 23, plate 1, figure 2 

Fore wmg. length, as preserved, 280 mm , esti- 
mated entire length, 305 mm Maximum width, 
50 mm The wing is slender, especially basally. 
Details of venation are shown in figure 22. Specific 
characteristics are difficult to select, but probably in 
this category are the point of origin of R2 +3 (just 
proximal of first postenor veinlet of MA), the posi- 
tion of the origin of R2, and the general nature of 
all branches 

Holotype: No. 4805ab, Museum of Comparative 
Zoology (loc 15-L), a very well preserved fore wing, 
260 mm. long and 50 mm. wide; it lacks only the 
apex and a piece along the posterior border. Para- 
types- No 4812ab (loo. 12-M), consisting of a distal 
piece of a fore wmg, from the ongin of R2 + 3 to the 
apex, 115 mm. long. No. 4806ab (loc. 15-L), a 
piece of the middle of a fore wing, 95 mm long and 
35 mm. wide No 4807ab (loc 15-L), an apical 
part of a fore wmg, 105 mm long and 45 mm. wide 
In addition there are eleven fragments (not desig- 
nated types), nos 4808-4811, 4813-4818, from lo- 
calities 15-L, 8-M, 12-M. Only one appears to be a 
hind wing; it consists of a piece of a wmg base from 
Sc to 1A, 46 mm long with CuP very strongly arched 
as in the hind wings of other Meganeurids All 
specimens were collected in the Midco insect beds, 
Noble County, Oklahoma, by F. M. Carpenter and 
G. O. Raasch. 

This species is undoubtedly closely related to the 
genotype (permiana), which is, however, known only 
from two fragments, one being the proximal part of 
a hind wing. Since the cells are larger and the veins 
thicker in the fragments of permiana than they are 
in americana, the former was probably the larger 
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Figure 22. Meganeuropsu amencana, n ap. Drawing of fore wing, baaed on holotype and paratypes 4812, 
4807. R2, R3 and R4+6, branches of Ra, pc, precoat&l space, other lettering aa in figure 1. 


insect. More specimens of permania may indicate 
that americana is identical with it, but until that is 
certain, I believe the two should be considered 
distinct 

The holotype wing of amencana, which is 260 mm 
long, is, so far aa I am aware, the largest continuous 
specimen of a wing known All specimens of Mega- 
neura monyi, which had about the same wing expanse 
as amencana, consist of smaller fragments. Two of 
the paratype specimens of amencana (nos 4812, 
4807) show about 40 mm. more of the distal part of 
the wing than is preserved in the holotype; since the 
overlapping areas of these two fossils and of the 
holotype agree remarkably well, I have added the 
distal part of these paratypes to the holotype in the 
drawing of amencana, figure 22 This brings the 
length of the part of the wing actually preserved to 
300 mm , which is alwut 5 mm less than the esti- 
mated length of the complete wing 

There are three aspects of amencana which deserve 
further comment One of these is the presence of an 
oblique vein above the point of separation of R2 and 
R3. This is obviously the homologue of the vein 
Sn which Sellards described in Typus permxanut and 
which also occurs in Megalypus schucherti (Car- 
penter, 1939) We do not yet know that such a vein 
existed in Meganeura, since the area oonoemed is not 
well preserved m any specimen, but I presume it did. 


The phylogenetic significance of this vein is not 
clear, though it is probably homologous with Sn of 
the Odonata 

Another interesting feature of the venation is the 
thickening of Sc near the point of contact with R1 
(Figure 23B). Although only 10 mm. long, it is 
nevertheless distinct and appears to be an recipient 
pterostigma, not unlike that of some Megasecoptera 
(e g. Protohymenoptera) No such structure has 
previously been observed re the Protodonata 

The third noteworthy feature is the presence of 
plate-like thickenings on the membrane of the wing 
near the middle of several cells Their distribution 
over the wing is indicated re the drawing (Figure 22). 
Eighteen are clearly discernible in the holotype, and 
others, not distinct enough for recognition, may also 
be present In one of the paratypes (no 4806) there 
are a few more platelets than re the holotype, al- 
though their general arrangement is the same, and 
in specimen no 4817, which is part of a hind wing, 
there are two between 1A and CuP near the base 
Under high magnification they appear to consist of 
a minute central diBC within a larger, less thickened 
one, about 5 mm in diameter Identical structures 
liave been described by Bolton on the wings of the 
meganeurid Bollonites radstockensie (Bolton) from 
the British Coal Measures, and a few are discernible 
in the published photograph of this resect (1914, pi. 
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Figure 23. Meganeuropnt amencana, n. ap. A, Drawing of venation in the region of separation of R2 and 
R3 (holotype). IR2, IR3, intercalary veins; for explanation of Sn, see text. B. Drawing of venation near end 
of Sc (holotype). Pt, incipient “pterostigma”. 
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18, fig. 1). Reus has described similar markings on 
the wings of Reisia gekuii (Reis), a possible Proto- 
dona tan from the Jurassic of Germany. To my 
knowledge, these are the only recorded occurrences 
of such platelets on odonatoid wings. However, since 
noting them in Meganeuropsis, I have looked for 
similar structures, under relatively high power, on 
Protodonate wings from the Elmo beds, in Kansas. 
They are very distinct in the specimen of Megatypus 
schucherti which I figured in 1943 (Plate 1, fig 1)— 
17 between 1A and CuP and a few others in the anal 
area. None are discernible in specimens of Typus 
or Ohgotypus. The precise nature of these struc- 
tures is not at all clear They may be setal bases, 
though in that case we should expect to find at least 
a few of the setae preserved * Handhrsch has com- 
pared those of Reisia with similar structures m the 
Protorthopterous genus Carcugus (1911). The lat- 
ter, however, seem more like the nygmata of various 
Recent holometabolous insects (see Navas, 1917, 
Forbes, 1924, Brues, 1933). 

Subfamily Typinae 

Genus Typus Sell. 

This genus is represented by two species from the 
Elmo beds in Kansas, and two from the Penman of 
Arizona In the Midco collection there is another 
very distinct species. 

Typus gracilis, n sp 

Figure 24, plate 1, figure 1. 

Fore wing length, 145 mm ; greatest width, 26 
mm.; slender. Costal margin straight, apex narrow- 
ly rounded, posterior margin with maximum width 
at level of first fork of MA. The distal half of the 
posterior margin has a slight arcuate curvature 
Only part of the precostal area is preserved; it is 
similar to that of pemumus. Sc approaches close 
to the costal margin at about the level of the origin 
of R3, but it remains independent of the costa until 
near the apex of the wing; Rl, Rs, and MA arise as 
m all Typinae; first fork of Rs as m pervnanus, al- 
though R2 + 3 and R4 + 5 diverge more gradually, 
R2 and R3 separate at about two-thirds the wing 
length from the base; oblique vein (8n) present as 
in other Typinae. R2 diverges away from Rl a short 
distanoe before the apex of the wing, and IR2 simi- 

1 Dr. W. T. M. Forbes has called my attention to the 
occurrence of setae on the wing pads of certain odonate 
nymphs. It is conceivable that in tbe Protodonata 
setal bases might have been carried over from the 
nymphs to the adults. 


larly diverges away from R2. Branches of MA more 
extensive than in pemianus. The “vestigial CuA” 
is present as in pemianus, exoept that it appears to 
fork basally. Two slightly oblique cross- veins are 
present between 1A and CuP near the wing base. 
Distanoe between the base of 1A and posterior 
margin somewhat greater than in pemianus, and the 
veins traversing this area are not joined by oross- 
veins. The cross-veins m the wing as a whole are 
about as numerous as those in pemianus, much 
fewer than in readi. Hind wing unknown. 

Holotype- no 4818, Museum of Comparative Zo- 
ology, collected in Midco insect beds (loo. 12-M), 
Noble Co., Oklahoma, by G.O Raasch. This speci- 
men consists of a complete and well preserved fore 
wing (plate 1), and is one of the most striking fossils 
in the Midoo collection. 

This species presumably had a wing expanse of 
about 300 mm., nearly one and a half times that of 
pennianus It also differs from pemianus in having 
a more slender wing and straighter veinlets between 
1 A and the posterior margin proximally It differs 
from T readi in wing shape and especially in having 
fewer cross-veins (Carpenter, 1939, fig 7). 

One of the most interesting features of this wing 
is the structure of the “vestigial CuA” at the base of 
the wing This vein apparently occurs in all 
Typinae (and even in Meganeurinae, see Carpenter, 
1943, fig. 2), but it is more clearly preserved here 
than in other specimens of the group which I have 
seen. It is composed of two thin veins, one just 
below M and abruptly curved posteriorly, and the 
other near the base of CuP and straight Since both 
MP and CuA are missing in the Typinae (as well as 
Meganeurinae), it may well be that the anterior 
element is a vestige of MP and the posterior one a 
vestige of CuA At present, however, there is no 
Protodonatan known in which these veins are inter- 
mediate between the fully developed and vestigial 
conditions. 

OUgotypinae, new subfamily 

This subfamily is established for the genua Oligo- 
typus, previously known by the genotype specimen 
from the Elmo beds, and placed in the subfamily 
Typinae. A new specimen of this insect in the 
Midoo collection provides further information which 
convinces me that the genus should be separated 
from Typus and Megaiypus at least by subfamily 
rank. The characteristics of Ohgotypus for whioh 
the subfamily is formed are as follows: in the fore 
wing, R2 + 3 and R4 + 5 are widely divergent; 8c 
terminates slightly beyond mid-wing; MA lacks true 
branches, so that the area occupied by MA distally 
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Figure 24 Typut gracUu, n. sp. Drawing of proximal half of fore wing (holotype). Lettering as in figures 
1 and 22. 


is very small. The so-called vestigial CuA is com- 
pletely absent, as is also the oblique vein at separa- 
tion of R2 and R3. The other two subfamilies of 
the Meganeuridae (i. e. Meganeurinae and Typmae) 
are alike in having closely approximate branches of 
Its, a longer Sc, a multi-branched MA, and a strong 
oblique vein at the separation of R2 + R3 Oligo- 
typus obviously differs from the Meganeurinae and 
Typinae more than the latter do from each other 
The hind wing of Oligotypm is still unknown 

Genus Oligotypus Carp 
Oligotypus tiUyardi Carp. 

Figure 25 

Oltgotypna tillyardi Carpenter, 1931, Amer. Joum 
3ei 21: 106. 

The specimen (no 4804ab, loc. 15-L) in the Midco 
collection is a fore wing, and, though lacking the 
distal quarter, is much better preserved in other 
respects than the holotype. It is the same size as 
the holotype (40 mm. long, as preserved, 11 mm. 
wide) and has a very similar venation; but it includes 
the proximal part of the wing, which, although I was 
not aware of it, was absent in the type. The base 


of the wing is now seen to be essentially like that of 
other MeganeundB. The precoetal area is small, as 
in Typus, and the wing is decidedly narrow across 
the base The most interesting aspect of this part 
of the wing is the total absence of the so-called 
vestigial CuA, which is apparently present in all 
other genera of Meganeuridae. The proximal part 
of the wing is so very well preserved that I am con- 
vinced that its absence is not merely due to lack of 
preservation. 

It should be noted that there is no sign m the new 
specimen of the “obsolescent MP,” which I men- 
tioned and figured in my acoount of the type of 
Ullyardi. Further examination of the type con- 
vinces me that the short vein indicated in my 
drawing (1931, p. 107, fig. 2) is really the stem of M, 
broken away (by pressure) from the stem of R, with 
which it is normally contiguous. 

Order ODONATA 
Suborder Protozygoptera 
Family Kenned yidae 

This family is represented in the Midco collection 



Figure 25. Ohgotyput Itllyardt Carp. Drawing of specimen 4804ab, Midco Insect Bed, Noble Co., Oklahoma. 
Lettering as in figures 1 and 22 
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by fifteen specimens, four more than have been se- 
cured in the Elmo beds (Kansas). The new fossils 
belong to the Elmo genera Progoneura and Kennedya, 
but include three new species, two of which greatly 
extend our knowledge of Progoneura The family 
Kennedyidae has so far been found only in the 
Wellington formation The obscure genus Sush- 
kinia from the Russian Permian, though originally 
assigned to this family by Martynov (1930), has 
subsequently been placed in the family Permolesti- 
dae (Martynov, 1937). 

Genus Kennedya Till. 

Kennedya Tillyard, 1925, Amer Joum Sci. 10: 63. 
Carpenter, 1939, Proc Amer Acad Arts Sci 
73:45 

This genus has previously been known by three 
species from the Elmo beds • mirabilu Till , tillyardi 
Carp, and reduda Carp , though the last will prob- 
ably turn out to belong to another genus In the 
Midco collection there is one new species, as well as 
mirabilu. The wings of Kennedya are decidedly 
petiolate and have a distinct nodal bend on the ante- 
rior margin, 1A is long, extending well beyond the 
level of the nodus. Fraser has pointed out (1939) 
that in this genus the antenodals are aligned with 
the subcostal cross-veins below, though this is not 
always strictly the case, as shown by my figures of 
mirabilu and tillyardi (1939, p 46) and in the figures 
included here It is true, however, that they are 
more nearly aligned in Kennedya than in Progoneura 

In the present collection there are nine specimens 
of Kennedya, of which five are too incomplete for 
specific determination 

Kennedya fraaeri, n sp 

Figure 26 

Wing: length, 40 mm , width, 5 8 mm. (holotype) , 
shape much as in mirabilu, only three postnodals, 
pterostigma slightly longer than that of mirabtlis, 
1A close to posterior margin; cross- veins much more 
numerous distally than in either mirabilu or tillyardi, 
forming a distinct reticulation, four cross- veins be- 
tween R2 and 1R2; five between R3 and 1R2; six 


between R3 and 1R3; nine between R3 and R4 + 5. 
Venation similar to that of mirabilu in other re- 
spects. 

Holotype 1 no. 4793, Museum of Comparative Zo- 
ology; collected in Midco insect beds (loc. 3-M), 
Noble Co., Oklahoma (F. M Carpenter and G. 0. 
Raasch). This specimen consists of a complete and 
well preserved wing. It is probably a fore wing. 

Paratypes 1 no. 4790ab, Museum of Comparative 
Zoology; same collecting data as holotype, but locali- 
ty 16 This well preserved wing is 34 mm long and 
58 mm wide, it is a little shorter and relatively 
broader than the holotype and is therefore almost 
certainly a hind wmg. No. 4821ab, also from locality 
16; a nearly complete wing, lacking about 4 mm of 
the apex. It has the same dimensions as the previ- 
ous specimen 

This species is named for Dr. F. C. Fraser, who 
has greatly advanced our knowledge of Odonate 
evolution. It differs from the previously described 
species of Kennedya mainly by having more cells in 
the distal part of the wmg. Of particular interest is 
the presence of four cross-veins between R2 and 1R2; 
in mirabilu there are no cross-veins at all in this 
area, and in tiUyardi (so far as known) there is only 
one The large number of cells in frasen carries a 
suggestion of the condition in Permolestidae 

Kennedya mirabilu Till. 

Kennedya mirabilu Tillyard, 1925, Amer. Journ 
Sci 10: 66, Carpenter, 1939, Proc Amer Acad. 
Arts Sci 73:45 

Two specimens apparently belonging to this 
species are in the Midco collection (no. 4795, loc 
8-M; no 4798, loc. 5). Each consists only of the 
distal half of a wing, so that determination is not 
certain. 

Genus Progoneura Carp. 

Progoneura Carpenter, 1931, Amer. Journ. Sci 21 : 
120. 1933, Proc Amer Acad Arts Sci 68:418. 
1939, ibid 73: 47 

This genus has previously been known only by 
three specimens of one species ( mmula ) from the 
Wellington formation in Kansas Since all of these 



Figure 28. Kennedya fratert, n. sp. Drawing of holotype. R2, R3 and R4+5, branches of Rs; IR2 and IR3, 
intercalary branches of Rs; other lettering as in figure 1. 



LOWER PERMIAN INSECTS FROM OKLAHOMA. PART 


51 


an fragmentary or poorly preserved, little has been 
known of the wing venation, except the arculus re- 
gion and the petiole In the Midco collection there 
are five specimens of Progoneura, all but one being 
well preserved and nearly complete wings. It is 
now possible, therefore, to make a satisfactory com- 
parison of its venation with that of Kennedya. 

The wingB as a whole, though shaped like those of 
Kennedya, an not so abruptly petiolate, the proxi- 
mal half being mon tapering. Also, the costal mar- 
gin is very nearly straight with hardly a discernible 
break at the nodus. Two or three antenodals are 
present,’ not aligned with the subcostal cross-veins 
below; R1 is very remote from Ra. The stem of the 
arculus is apparently variable in length, in the 
genotype it is long but m one of the new species 
(venula) it is very short. CuP + 1A is strongly 
arched below the stem of arculus, and is mon undu- 
lated in the petiole than it is in Kennedya 1A is 
very short, ending at least at the level of the nodus 
Finally, then an only about half as many cross- 
veins in Progoneura as in Kennedya, the venation 
consequently being very open. 

In many respects the genus Progoneura is mon 
generalized than other known Protozygoptera This 
is indicated by the absence of a nodal bend at the 
end of Sc, the deviation of the antenodals and the 
subcostal cross-veins, the tapered petiole, and the 
undulated CuP + 1A in the petiole. The short 1A 
and the very small number of cross-veins may also 
be in this category. 

The following species of Progoneura are present in 
the Midco collection. 

Progoneura nobilii, n. sp. 

Figure 27 

Wing- length, 13 mm.; width, 2 5 mm. (holotype) 
Costal margin with a very slight nodal bend; 
pterostigma prominent, light reddish brown (as 
preserved), and slightly swollen; apex pointed, pos- 
terior margin conspicuously curved, stem of arculus 

• The holotype of Progoneura minuta (genotype) has 
a third antenodal between C and So just above the 
arculus, but there is no indication of this in other 
specimens. 


long, 1A terminating below the nodus; R4 + 5 aris- 
ing at a point far distal to level of nodus; cross-veins 
arranged as in figure 27. The antenodals and 
“vestigial CuA” are not preserved, the areas includ- 
ing these structures being broken away. 

Holotype: No. 4786ab, Museum of Comparative 
Zoology, collected in Midco insect beds (loc. 16), 
Noble Co., Oklahoma (F. M Carpenter and G. 0. 
Raasch) It consists of a complete and well pre- 
served wing. 

Paratype: no 4788ab, Museum of Comparative 
Zoology, collecting data as for holotype, except for 
the locality, which is 15-L. This is a nearly com- 
plete wing, 15 mm. long and 2.8 mm. wide, lacking 
only a small piece at the end of MP and at the origin 
of 1R2. The antenodals are not preserved. The 
wing is slightly broader at the level of the arculuB 
than it is in the holotype, but the venation is very 
nearly identical with that of the latter In all prob- 
ability the holotype is a fore wing and the paratype 
a hind wing. 

This species is similar in venation to the genotype 
(minuta) but differs in having a much longer arculus 
stem and in having 1A terminate at about the level 
of the nodus. Other differences probably exist but 
further comparison cannot be made because of our 
incomplete knowledge of minuta. 

Progoneura venula, n. sp. 

Figure 28 

Wing, length (as preserved), 16 mm ; width, 2.8 
mm , estimated whole length, 17 5 mm. Costal 
margin without a discernible nodal bend, ptero- 
tigma prominent, somewhat longer than that of 
nobilis; apex pointed; posterior margin not so strong- 
ly curved as in the latter; stem of arculus very short, 
much like that in Kennedya, 1A terminating far 
proximal to the level of the nodus, two antenodals 
present; the more distal antenodal occurring in 
minuta is not visible in venula, possibly because the 
membrane is partially broken away at the corre- 
sponding region. Cross-veins arranged as shown in 
figure 28. 

Holotype: No. 4791, Museum of Comparative 
Zoology; collected in Midoo insect beds (loc. 16-M), 



Figure 27. Progoneura nobilie, n. sp. Drawing of holotype. Lettering as m figures 1 and 26. 
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Figure 28. Progoneura venula, n. sp. Drawing of holotype. Lettering as in figures 1 and 26. 


Noble Co., Oklahoma (F. M. Carpenter and G. 0. 
Raasch). The specimen consists of a nearly com- 
plete and well preserved wing, lacking the very base 
of the petiole and a small piece along the posterior 
margin. 

This wing differs from those of nobihe and minida 
in having a very short arculus stem, with the cor- 
sponding shift in the position of A1 , and in having 
the origin of R4 + 5 more proximal. 

Progoneura sp. 

In addition to the above, the Midco collection 
contains one specimen (no. 4792, loc. 8-M), which 
apparently represents a third species. It consists 
of the proximal half of a wing, 17 mm. long, indi- 
cating that the whole wing was about 34 mm , fully 
twice the size of other species of the genus. The 
preserved part of the wing is characteristic of 
Progoneura, but since the nodus and the distal piece 
of 8c are not known, I believe the species should not 
be described until more specimens have been found 

Suborder Protanisoptera 
Family Ditaxineuridae 
Ditaxineura celluloea Carp 
Ditaxineura celluloea Carpenter, 1933, Proc Amer 
Acad Arts Sci. 68: 419. 

This species is represented in the Midco collection 
by the distal fragment of a wing (no. 4801ab, loc. 
8-M), 14 mm. long Its size, venation and ptero- 
stigma agree fully with those of celluloea, described 
from the Elmo beds. The convexities and concavi- 
ties are very well preserved and show that the pos- 
terior “branch” of MA depicted in my figure of 
celluloea (1933) is really a concave, intercalated 
sector, as in anamaloetigna. In the type of celluloea 
the conoavity of the vein was obscured by irregu- 
larities. 

A second wing fragment (no. 4802ab, loc. 15-L) 
also belongs to Ditaxineura, probably to celluloea, 
but it consists of the proximal half of the wing only, 
and is poorly preserved, so that its specific identity 
is uncertain. 
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Explanation of Plates 
Plate 1 

Fiourk 1 Typu* gracilis, u sp. Photograph of holotype (4818). X 1 3 
Figure 2 Meganeuropsu americana, n sp Photograph of holotype (4806). X 66 

Plate 2 

Figure 1 Eumartynoma raaschi, n. sp. Photograph of holotype (4822). X 8 6 

Figure 2, Parelmoa revelata, n sp. Photograph of holotype (4680) X 12 
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Inimodtiction 
In this paper the program of measurement of 
the compressions of various substances to 100,000 
kg/cm 2 already initiated ill two papers (1) is 
continued to 39 substances, including elements, 
various sulfides, selenides and tellurides, and 0 
glasses A number of improvements have been 
made in the apparatus, permitting somewhat 
greater accuracy and consequently the extension 
of the measurements to substances with too low a 
compressibility to have been previously at- 
tempted. 

Apparatus and Method 
The apparatus consists essentially of a minia- 
ture high pressure piezometer entirely surrounded 
by an outer pressure vessel containing fluid in 
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which the pressure may be raised to 30,000 kg/cm 2 
in order to support the miniature piezometer 
Measurements are made of the force driving the 
pistons of the high pressure piezometer and the 
displacement of those pistons Previously the 
force lias been measured m terms of the change 
of elei trical resistance of a compression member 
mounted within the pressure vessel by which the 
force is transmitted to the high pressure pistons, 
and the displacement by measuring the displace- 
ment of the piston of the external pressure vessel, 
which is transmitted through various intermediate 
members to the high pressure pistons This 
lutter measurement has always been more or less 
unsatisfactory because of the distortion of the 
transmitting members, which are subject to 
friction and hysteresis in a way not completely 
reproducible The major improvement m the 
new apparatus consists in measuring the displace- 
ment of the high pressure pistons from the inside 
of the 30,000 pressure vessel, thus eliminating the 
irregularities due to friction unci hysteresis 
This has been done by attaching the pistons to a 
moving slide wire of the same type us that used 
in much of my previous work. The displacement 
of the wire is determined in terms of the potenti- 
ometer resistance of that portion of the wire 
included between a terminal fixed to the wire and 
a contact fixed to the rest of the apparatus over 
which the wire slides The method demands 
three electrically insulated leads,, two for the 
potential taps to the potentiometer, and one for 
the current, the other current terminal being 
grounded In all, seven electrically insulated 
leads into the pressure vessel are now needed, 
three for the “grid” with which the force driving 
the piston is measured, one fof the manganin 
pressure gauge, and three for the displacement 
Formerly, it had not been found possible to make 
insulating pressure plugs which would carry more 
than four terminals My mechanic, Mr. Charles 
E. Chase, has now fouryl with great skill how to 
construct -plugs with seven terminals, and this 
alone has made possible the improvement in the 
method No essentially new feature is involved 
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in the new plug, but only the refinements of 
smaller and more accurate construction. The 
individual terminals are like those shown in 
Figure 2. As experience has been gained, it has 
become possible to dispense with various artifices 
formerly thought necessary, such as the secondary 
plastic packing above the cones, ami the prelimi- 
nary application of pressure with a heavy oil. 
At the same time the life of the insulation has 
been very much extended; seventy-five applica- 
tions of 25,000 to 30,000 have been made before 
it was necessarj to renew the insulation, whereas 
when this work started a single application could 
not be counted on. 

In addition to this major improvement a num- 
ber of minor improvements were made. The 
sensitivity of the grid with which the force driv- 
ing the pistons is measured was doubled by 
changing the dimensions, making the grid 
shorter and thinner in section The sensitiveness 
of the force measurement is now about one part 
in 200 at the maximum This measurement was 
the mean of three settings on the potentiometer 
wire, with different directions of current flow and 
in a time sequence to eliminate effects due to any 
drift in the parasitics, and could be counted on to 
the limit of sensitivity of the individual readings, 
0 1 mm. on the slide wne, or perhaps a trifle 
better The sensitivity of reading of piston 
displacement was, with the originul arrangements, 
some ten or twenty times as great as this So 
great sensitivity mild not all be used, and 
tlieieforo opportunity was taken to improve the 
design of the piezometer and pistons, at the same 
tune cutting down the displacements to one half 
This was done by giving the piezometer the 
design shown in Figure 1 and in greater detail in 
Figure 3. The effective occupied length, that is, 
the length of the charge, is cut to one half by 
enlarging the mouth of the piezometer ut both 
ends as shown. The stroke of the piston is cor- 
respondingly cut in half, which makes it possible 
to more effectively support the piston and mini- 
mize its plastic flow and lateral expansion The 
new design of the piezometer decreases the fric- 
tion of the charge as it slides on the sides of the 
piezometer by more than a factor of two, friction* 
lieing exponential in* the length, increases the 
bursting pressure of the piezometer appreciably 
because of the support afforded by the end regions 

Fiourk 1 General view of the assembly, showing 
how the motion of the pistons of the piezometer (upper 
part) is transmitted to the measuring wire (lower part). 
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which are not exposed to internal pressure, and 
by the Same mechanism decreases the barreling 
of the interior under internal pressure and so 
minimizes a small source of error in the computed 
distortion of the piezometer The piezometers 
were made of grade 799 eurboloy, with shrunk on 
steel jacket. This grade of eurboloy has proved 
exceedingly well adapted for this purpose, no 
piezometer made of this grade ever having rup- 
tured in use In m.v earlier work ruptures of the 



Figure 3 Enlarged view of the piezometer, show- 
ing method of sealing an alkali metal inside a double 
capsule of aluminum 


piezometer were common, but the piezometers 
were then made of the less suitable 905 grade 
In the present work one piezometer has been 
exposed to 40 and the other to 50 applications of 
the maximum pressure, whit h was alwaj s at least 
as high as 100,000 and might infrequently reach 
nearly 110,000. The plastic flow of the pie- 
zometers under these conditions was slight In 
use there is perceptible plastic enlarging of the 
interior, but this is very slow During operation 
it was necessary to refiguro only onee by enlarging 
the bore from 0 0620 to 0 0625 inches The 
pistons, as described previously, were best made 
of grade carboloy 099. The quality of this 
grade is not entirely uniform and it is desirable 


to make preliminary examination to find a batch 
with a high plastic flow point In use the pistons 
are made 0 0004 inches smaller than the hole so 
that at no time will they expand sufficiently to 
touch the sides of the cylinder and thereby intro- 
duce friction. Under these conditions the pistons 
permanently expand by ubout. 0.0001 inch after 
every excursion to the maximum, and they have 
to be refigured after every such use. Eventually 
after perhaps a dozen or fifteen refigurings the 
flow limit is reached, minute cracks begin to 
appear, ami the pistons must be replaced. The 
shrunk on steel support around the unused part 
of the piston, as shown in Figure 3, materially 
adds to the life, there is no plastic flow in this part 
of the piston The clearance of 0 0002 inches 
between piston and cy lmder walls is large enough 
to put demands on the cup shaped steel packing 
between the end of the piston and the charge 
If this is made of a soft steel it will be extruded 
between piston and wall with consequent friction 
and also danger of discing off the end face of the 
piston where it is pinched A packing made of a 
heat treated steel with a Rockwell C hardness of 
40 gave no trouble from this extrusion 

Friction between charge and cylinder walls was 
further materially reduced below that attained by 
halving the length of the charge by completely 
encasing the chaige in an indium sheath This 
sheath was formed m place in the cylinder with a 
suitable forming tool There is, of course, a 
disadvantage in that the presence of the indium 
cuts down the amount of working substance and 
furthermore introduces an additional correction 
because of its compression. The advantages, 
however, usually outweighed the disadvantages 
If the substance is mechanically soft, such as 
aluminum or magnesium, the sheath may be 
omitted The volume of the indium in the sheath 
was usually approximately one half that of the 
working charge Quantities of indium ami 
charge were determined by weighing in a specially 
constructed micro-balance good to better than 
000001 gin , the usual weight of the indium was 
around 0.016 gm 

Two improvements were made m the technique 
of handling the production of the supporting 
pressure of 30,000 kg/cm ! . At one time a long 
series of capricious irregularities was encountered 
which was finally traced to freezing of the trans- 
mitting liquid, i-pentane This was commercial 
material from the Eastman Kodak Company. 
The trouble was finally associated with the use of 
a new hatch of this liquid The explanation is 
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that Eastman has recently improved their method 
of preparing this liquid, so that it is now purer 
than formerly and therefore has a sharper freezing 
point. The remedy is to mix with the i-pentane 
half its volume of commercial “pentane ” Even 
this mixture at the maximum pressure capri- 
ciously becomes sufficiently viscous to introduce 
appreciable non-hydrostatic forces, so that a 
redesign of the method of coupling the pistons to 
the slide wire measuring their displacement was 
necessary. Originally the coupling was by push 
contact for one direction of stroke, but on the 
reverse stroke a stiff spring was used to maintain 
contact. The spring was not strong enough 
always to overcome the stiffness of the liquid, 
so that the connection had to be redesigned to 
ensure positive transmission of motion for both 
directions of stroke The second change in 
technique was in the packing ring dosing the 
insulating plug at the bottom of the 30,000 ap- 
paratus This had never been entirely satis- 
factory, but would leak slightly after long use in 
a way not easy to definitely locate It appeared 
that after prolonged use with consequent work 
hardening the packing ring becomes loose on the 
inside surface, while remaining tight at the out- 
side The remedy was to make the packing ring 
double, an inside part sliding conically in the 
outer part, as indicated in Figure 2 In virtue 
of slip on the conical surface the inside as well as 
the outside now is pressed tightly against the 
retaining walls Some fifty applications have 
been made without leak, the apparatus then 
having been taken down for another reason 
The various corrections and calibrations neces- 
sary m connection with the slide wire method of 
measuring displacement were determined by 
methods sufficiently obvious which have been 
previously used, so that they need not he de- 
scribed again in detail. It is an advantage of the 
method that the corrections are all small The 
pressure coefficient of resistance of the wire was 
determined by a pressure run with the wire 
clamped. The validity of the corrections and 
calibrations was checked by measuring lietween 

25,000 and 30,000 a known displaeement of the 
same magnitude as the piston displacements en- 
countered during the compression measurements 
This was done by measuring the plastic shortening 
of a cylinder of copper, the shortening being 
terminated by u hardened steel stop when it had 
progressed by a known amount. The driving 
force is plotted as a function of displacement. 
There is a discontinuous change in direction when 


contact is first made with the copper and again 
when the stop is encountered. Since the cubic 
compressions of steel and copper are known, all 
the material is at hand for a calculation of the 
expected displacement, thus permitting a com- 
parison with that given by the slider. The two 
measurements differed by 00001 inch on a dis- 
placement of 0.0350 inch, which is agreement 
to better than the sensitiveness of the force 
measurements 

The new set-up permits a check of a correction 
in the measurement of driving force by means of 
the grid This correction is for the pressure 
coefficient of the simple compression coefficient 
of the electrical resistance of the grid. It is the 
largest of any of the corrections in this work, 
rising to something over twenty per cent. It had 
been previously' determined from the average of 
several hundred determinations of the extra 



PU'URfc. 4 The compound tension specimen, with 
which the correction for the effect of pressure on the 
compressive constant of the “grid” is determined 

force required to drive the main piston of the 

30,000 apparatus when it makes up against the 
grid. There is a rather large component of 
friction, and there was much scatter in the indi- 
vidual readings, so that an entirely independent 
confirmation wus desirable. The possibility of 
such confirmation was afforded by the method 
used for studying the effect of pressure on the 
tensile strength of brittle substances described in 
a previous paper (2) The tension specimen is 
replaced by a double specimen of hardened steel, 
as indicated in Figure 4. A thin copper sheath 
unites the two steel pieces. The specimen was 
mounted in the holder for tensile specimens in the 

30,000 apparatus, and, at a pressure of 21,000, 
the tensile force is measured which is required to 
separate the two steel specimens by measuring 
the change of resistance of the grid The thin 
copper sheath prevents entrance of the transmit- 
ting liquid between the ends of the steel pieces, so 
that the “force required to separate the steel 
pieces is equal to the force exerted by the known 
hydrostatic pressure over the cross section, plus a 
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small correction, about 2 per cent, for the break- 
ing strength of the copper. The agreement was 
perfect between the separating force determined 
from the hydrostatic pressure and that calculated 
from the resistance change of the grid using the 
previously determined pressure correction, thus 
checking the latter 

Having determined the displacements ami the 
force on the piston, the final results are to be 
computed in exactly the same way as m previous 
papers, so that this need not be described again 
In this computation the fiducial volume is that 
at 25,000 kg/cm ! . For many of the substances 
of this paper an independent determination of 
this has not been previously made, so that new 
measurements up to 25,000 were desirable 
These were made in a new apparatus permitting 
very rapid measurements at room temperature 
with very small corrections. This apparatus has 
been previously described (3) and results obtained 
with it for 61 substances up to 25,000 kg/cm* 
It has now been found that the same apparatus 
can be used without modification up to 40,000 
instead of 25,000 and measurements have been 
made with it on some 175 new substances, in- 
cluding those of this paper. For these substances 
we thus have overlapping measurements by two 
different methods in the range between 25,000 
and 40,000, which affords a desirable check 
This check, however, is not given under optimum 
conditions, since the comparison is between the 
upper end of the range of one instrument and the 
lower end of the range of the other. In a few 
cases the fiducial volume at 25,000 was not 
independently known from other experiments 
In these cases it is possible to obtain a fairly 
satisfactory value from the absolute setting of 
the potentiometer when the high pressure pistons 
first establish contact with the grid in the neigh- 
borhood of 25,000. It is the differential settings 
of the potentiometer which determine the volume 
changes above 25,000. 

The final results are, as before, strictly differ- 
ential results between the substance in question 
and gold, assuming for the latter an extrapolation 
by Murnaghan’s formula Even if the accuracy 
of the measurements permitted it, which they do 
not, we are not yet in a position to obtain the 
absolute compressibility of any single one of the 
relatively incompressible substances up to 100,000 
with any accuracy. The relative compressibili- 
ties, however, are determinable within the ac- 
curacy of the measurements. 

In making the measurements, complete data 


were recorded for the piston displacement by 
both the former (external piston) and the new 
(slide wire) methods. The displacements by 
both methods were calculated for about half the 
substances. These definitely established the 
superiority of the new method, both in smooth- 
ness and consistency, while at the same time 
showing no over-all discrepancy between the two 
methods, so that there is no reason to fear any 
consistent error in the results already published 
In vipw of this and also of the fact that calcula- 
tions by the former method are much more time 
consuming than by the new, only the new data 
by the slider method were used in the computa- 
tions for the other half of the substances 

As before, most of the substances were inde- 
pendently measured in two different piezometers. 
There arc, however, a few of the more incompres- 
sible and unusual elements which have been 
measured in only one piezometer. Since in any 
event no high accuracy can be expected for these 
elements the chief interest of the measurements 
for them lies in the information obtained with 
regard to the presence or absence of new poly- 
morphic forms in the new pressure range. 

The detailed presentation of results now 
follows. The order is first the five alkali metals 
in order of atomic weight, then 17 other elements 
in order of atomic weight, then ten compounds 
including the sulfides, selenides and tellurides of 
zme, mercury and lead, and quartz crystal, and 
finally six glasses 

Detailed Results 

Alkali Metals Results for all of these metals 
except caesium have already been published. 
These are of especial theoretical interest because 
the structure of these elements is sufficiently 
simple to permit theoretical calculation of the 
volume changes under pressure Furthermore, 
they should at first sight be among the easiest to 
measure experimentally because the compressi- 
bilities are among the highest of the elements 
Unfortunately, however, they turn out to be 
among tbe most difficult to determine experi- 
mentally, and of all the materials formerly meas- 
ured the results were least accurate for them. It 
was therefore thought to be worth while to rede- 
termine them with the present more accurate 
method. The difficulty arises from the great 
mechanical softness of these metals and their high 
chemical activity. It had already been estab- 
lished that the carboloy piezometer is ruptured 
if pressure is directly transmitted to it by sodium, 
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and there was evidence that lithium might pro- 
duce a similar fracture Accordingly the alkali 
metal has to be enclosed in some sort of a pro- 
tecting sheath. This sheath should obviously be 
as soft mechanically as feasible In the previous 
work a sheath of copper was used, the total 
volume of the copper being of the order of twice 
that of the metal and its contribution to the com- 
pressibility of the order of one fifth that of the 
alkali. The friction exerted by so much copper 
proved to be sufficient to introduce a rather large 
uncertainty into the final result In attacking 
the problem again, search was first made for a 
softer metal out of which to make the protecting 
sheath Sodium was first tried in a sheath of 
indium. On application of 100,000 there was a 
large permanent change of volume, and on release 
the two metals were found to be completely 
alloyed Sodium m a sheath of lead was then 
tried Again there was an irreversible and 
permanent decrease of volume, much less than 
before, but too much On cutting open tile cap- 
sule a region of alloying was found at the surface 
of contact It was concluded from this experi- 
ence that alloying would be produced in the cold 
by these high pressures if the alloy existed The 
extremely extensive book of M Hansen on binary 
alloys of the metals was then consulted, and the 
softest metal known not to alloy with the alkali 
metals found to be aluminum This is harder 
than would be desirable, but still much softer than 
copper The aluminum sheath was made in the 
form of a double cup, as indicated m Figure 3 
A simple technique was worked out by which the 
filling was accomplished under petroleum ether, 
the petroleum ether removed by evaporation, 
still leaving a protecting atmosphere of petroleum 
ether, the outer cup slipped over the filled inner 
cup, and the projecting edge of the outer tup 
swaged over the inner cup while still m the pro- 
tecting atmosphere, and then the final closure of 
the cup accomplished by spinning in a jeweler’s 
lathe The atmosphere was thereby effectively 
excluded, and the capsules were capable of re- 
maining indefinitely in the air of the room with 
no evidence of chemical action. The quantith's 
were determined by an initial weighing of the 
aluminum cups and u final weighing of the filled 
capsule In the case of caesium the room was 
cooled to about 10° C by opening the windows 
during the filling, and all pieces of metal in con- 
tact with any part of the filling apparatus as well 
as the petroleum ether were prechilled to 0° C 
Caesium was not previously measured above 


45,000 The reason for this was entirely acci- 
dental, the apparatus for 100,000 bad been filled 
and pressure applied up to the maximum when 
the piezometer broke This was at the end of 
the previous series of measurements, when war 
work was pressing to be done, and I was not able 
at that, tune to return to it Except for the in- 
convenience of the low melting point, there is no 
greater intrinsic difficulty with caesium than with 
any of the other alkali metals, anil the same 
arrangements will serve 

The source of the ulkahcs, except cm's mm, was 
my own stock, with which many of my previous 
results have been obtained and known to be of 
adequate purity, kept sealed under Nujol The 
caesium, however, was obtained from a previously 
unopened glass capsule sealed in vacuum obtained 
from Mackay before the wur, one of several such 
capsules, others of which had been used in my 
previous work The caesium was obviously im- 
pure with its own oxide, as shown by its bright 
yellow color and indefinite freezing It was 
purified, as m my previous work, by distillation 
at the minimum temperature in a high vucuum 
and over an interval of several hours The 
evidence of purity is the disappearance of the 
yellow color and sharpness of freezing 
The volumes of the five alkalies obtained with 
the present apparatus are shown as a function of 
pressure in Table 1 As already mentioned, the 
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* Illfcoontinuiu of volume of 056 at 45 000 


volumes at 25,000 kg/cm s are, those given by 
measurements in the new apparatus for 40,000 
Values of the volumes below 40, 000 will be found 
in a paper following this describing' the reults 
with that apparatus It is debatable how best 
to present the final results in the pressure range 
in which-there are independent determinations 
with different pieces of apparatus In some of 
my early work the course was adopted of adjust- 



mg the values given by one apparatus in the 
direction of those given by the other in the over- 
lapping ranges Such a procedure is obviously 
to a certain extent arbitrary. The simpler and 
perhaps safer course is now adopted of reporting 
the results obtained with the present apparatus 
for 100,000 without any adjustment at all for the 
results obtained with the 40,000 or other forms of 
apparatus The values obtained with the two 
pieces of apparatus at 40,000 will be stated how- 
ever This will put the reader in a position, in 
conjunction with the data of the other paper, to 
make his own adjustments as he sees fit The 
same course will be followed with the other 
materials of this paper The comparison of the 
results with the two pieces of apparatus is as 
follows At 40,000 the volume obtained with the 

40,000 apparatus for lithium was 0 796 against 
0 801 with the present 100,000 apparatus, for 
sodium 0 726 against 0.737, for potassium 0 633 
against 0 628, for rubidium 0 605 against 0 612, 
and for caesium 0 518 against 0 521 The results 
with the 40,000 apparatus at 40,000 are somewhat 
lower than with the present apparatus, which 
means that the 40,000 apparatus gives a somewhat 
greater compressibility in the range 25,000 to 

40.000 than does the present apparatus 

Compared with the pre\ ions measurements to 

100.000 the new measurements give consistently 
larger volumes at the top pressure than before 
The difference is spread over the entire pressure 
range, but accelerates markedly at the upper 
end of the range Tile comparison of the volumes 
at 100,000 is as follows for lithium 0 672 now 
against 0 606 before, for sodium 0 606 against 
0 560, for potassium 0 500 against 0 427, and for 
rubidium 0.473 against 0 362 The new results 
give a more rapid falling off of compressibility at 
the high end of the range than formerly, which is 
in the direction which certain theoretical con- 
siderations had suggestcsl as proliable 

By far the most interesting of the new results 
is the volume discontinuity found for caesium at 
approximately 45,000, just at the end of the 
previous measurements The single run pre- 
viously made with increasing pressure just before 
the apparatus broke showed the same effect 
The volume change is comparatively lurge, about 
1 1 per cent This volume change is in addition 
to the one already known at about 23,500 kg/cm 2 

(5) , at winch occurs a change from the body 
centered to presumably the face centered arrange- 
ment, according to the calculations of Bardeen 

(6) . The new transition must therefore be from 


an arrangement which is already dose packed to 
something else; the question is what can it be 
The new transition is clean cut, reversible, and 
runs rapidly in either direction with little pressure 
transgression Above the transition the new 
modification of caesium has, in comparison with 
the other alkalies, an unexpectedly small com- 
pressibility, which drops off abnormally rapidly 
with increasing pressure In the table a reversal 
m the trend of the compressibility to drop with 
increasing pressure is indicated at the last interval 
between 90,000 and 100,000 This may or may 
not be real; the figures were given as they came 
without final smoothing 

Other Elements. In Table II the volumes of 17 
other elements are given up to 100,000 In 
general those elements were chosen which had not 
already been measured which have a compressi- 
bility' large enough to he inviting A five per 
cent change of volume at the maximum pressure 
is aliout the minimum that should be attempted — 
ten per cent is better. In addition to these a 
number of elements were tried whose position in 
the periodic table suggested them as candidates 
for polymorphic transitions 

Detailed comment on the elements of Table II 
now follows 

Beryllium The material I owe to Professor 
John Chiptium of M I T The purity is said 
to have lieen aliout 99 7 to 99 8 per cent with 
possible inclusion of oxygen It was from the 
same hatch as a specimen whose tensile behavior 
under pressure has been reported elsewhere (7) 
Beryllium is the most incompressible of the ele- 
ments examined here Acceptance of the data 
at their face value would indicate a compressi- 
bility increasing with pressure This was not 
Ixirne out, however, by the independent measure- 
ments in the 40,000 apparatus. The liest course 
is to assume a linear relat'on between pressure 
and volume between 25,000 and 100,000 The 
table does not list the intermediate volumes in 
order to give no false impression aliout the 
accuracy The most important result is that 
there is no marked transition below 100,000. 

Carbon (graphite) The material was single 
crystal Ceylon graphite in sheets of the order of 
005 inches thick which I owe to the courtesy of 
Sir K. S Krishnan a number of years ago. It 
was out into discs with a tubular cutter The 
discs were then stacked and assembled in the 
indium sheath Measurements have been pre- 
viously made and published on the same material 
to 25,000 (8); measurements were not now re- 
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peatecl in the 40,000 apparatus. The results 
should be fairly good, because the slope of the 
curve obtained with the 25,000 apparatus fits on 
smoothly with the results now found 

Magnesium This was from stock obtained a 
number of years ago from the Research labora- 
tory of the Aluminum Company of America and 
had been especially purified It was used di- 
rectly, without the intervention of an indium 
sheath, the mechanical softness being sufficient 
The results therefore do not depend on any 
corrections for the effect of the sheath The 
compressibility has been previously measured 
(9) only to 12,000 kg/cm 2 . The fiducial volume 
at 25,000 was assumed to be 0 943 by extrapola- 
tion of the former results according to the formula 

- A VJl\ = 29 50 X 10- 7 p - 20 7 X 10~“ p 2 

The slope at 25,000 of the new results agrees as 
well as could be expected with the extrapolated 
slope, being 0017 against 0 010 

Aluminum The material was cut from a 
Bureau of Standards melting point sample. Four 
runs were made two with an indium sheath and 
two without The agreement between the two 
sets was not as good as desirable, the volume at 

100.000 given bj the former being 0 903 against 
0 915 by the latter The lutter was made the 
basis of the results in the table, since it is pre- 
sumptively more correct because of the absence 
of correction for the sheath. The variation of 
compressibility given by this series, however, is 
presumptively not correct, a slight increase of 
compressibility with increasing pressure being 
indicated, in opposition to the definitely indicated 
decrease of compressibility of the much more 
accurate measurements by the method of linear 
compressibility, as jet unpublished, to 30,000 
The course was therefore adopted of showing a 
linear decrease of volume in the table between 

25.000 and 100,000. 

Silicon This material 1 owe to the kindness 
of Dr. W Shockley of the Bell Telephone labora- 
tories, it had been highly purified There are no 
previous measurements of the volume to high 
pressures The fiducial volume at 25,000 was 
calculated from the absolute potentiometer setting 
at contact This value lies smoothly enough 
between the atmospheric volume ami the values 
at higher pressures The only previous determi- 
nation of the compressibility of silicon appears to 
have been by T. W. Richards (10) over a pressure 
range of 500 kg/cm s ;‘his value was 3.1 X 10" 7 . 
This is much lower than the value indicated by 
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this new work. The early specimens of silicon 
were notoriously impure, and inadequate impurity 
is doubtless the major source of the discrepancy 
Phosphorus 1. Black phosphorus. This was 
from my old stock, made from yellow phosphorus 
ar 12,000 kg/cm 2 and 200° C. some 20 years ago. 
There are no other measurements of the volume 
at high pressures. The fiducial volume at 25,000 
necessary in the present calculations was taken 
from the absolute potentiometer setting Black 
phosphorus has a transition with comparatively 
large change of volume which runs with increasing 
pressure at 55,000 or 60,000 The reverse transi- 
tion, however, with decreasing pressure does not 
run above 25,000, and therefore was not ob- 
servahle with the present set-up The fact 
that it does run, and that the transition is there- 
fore of the thermodynamically re\ersible type, 
was established in two ways by the return of 
volume to normal value at atmospheric pressure 
and subsequent repetition of the entire pressure 
cycle when the measurements were repeated on 
the same sample in the second piezometer, and 
by X-ray determinations of the structure of the 
material after exposure to 100,000 The X-ray 
examination was most kindly made bj Professor 
B. F Warren of MIT. who found the same 
normal black phosphorus structure which he had 
previously determined In the table the transi- 
tion pressure is indicated as 50,000, this can be 
only rough It is probably much closer to the 
lowest pressure at which the transformation runs 
spontaneously with increasing pressure than to 
the pressure of thermodynamic equilibrium 
Naturally the volumes indicated in the table foi* 
the low pressure phase had to be obtained from 
the readings with increasing pressure only, in- 
stead of being an average of increasing and de- 
creasing as usual. 

2. Violet phosphorus This also was from my 
old stock, formed at about the same time as the 
black phosphorus and described in previous pub- 
lications (11). Only one run was made with 
this, and the volumes in the table are obtained 
from the readings with increasing pressure only. 
This was necessary because between 80,000 and 

90,000 the violet is transformed irreversibly to 
black, as is indicated in the table. The identity 
of the transformation product was again most 
kindly established by Professor Warren bj X-rav 
analysis, whp found the conventional black 
phosphorus lines, but much broadened, indicating 
a fine grained and distorted structure, as would be 
expected from the manner of formation Profes- 


sor Warren also made an X-ray examination of 
the original violet phosphorus and found a line 
pattern somewhat better developed than the line 
pattern of many other varieties of red phosphorus. 
Up to the present, however, he has not been able 
to index the pattern of either this or any of the 
other varieties so that for the present the exact 
identity of this material is not known. 

The markedly greater compressibility of violet 
phosphorus m comparison with black is to be 
noted This is in the direction to be anticipated. 
The transformation of violet to black phosphorus 
has already been accomplished at a pressure of 

40,000 kg/cm* combined with plastic flow in 
shear (12) The transformation found in this 
paper is the first time that it has been accom- 
plished by pure hydrostatic pressure The great 
efficacy of shearing stress in promoting a transi- 
tion which is thermodynamically possible but 
which is resisted by internal viscocity is apparent. 

Titanium This was from a lot recently ob- 
tained from A D Mackay, said to be of 99 per 
cent purity It was hard and brittle, and was one 
of the most incompressible of the substances 
measured here As in the case of beryllium, the 
measurements taken at their face value indicate 
a compressibility which is least at the lower end 
of the range, increasing somewhat to a roughly 
constant value at pressures over 50,000. This is 
not in line with the results obtained with the 

40,000 apparatus, which indicated a normal 
decrease of compressibility with rising pressure 
up to 40,000. The best that can be done with the 
present results is to assume a linear relation be- 
tween volume and pressure up to 100,000, and to 
take the volume actually obtained at 100,000 as 
giving the best mean compressibility The most 
important result is that there is no large transi- 
tion Only a single piezometer was used. 

Manganese This material was obtained 
through the kind offices of Dr. B A. Rogers 
befoie the war from the U S Bureau of Mines in 
Salt Dike City The analysis given was 1 02% 
Ni, 2 33% Cu, 0 1% Si, balance Mn. The com- 
pressibility wus not measured in the 40,000 ap- 
paratus, the fiducial volume at 25,000 was ob- 
tained from the absolute potentiometer setting. 
The compressibility thereby inchoated for the low 
pressure end of the range fits on smoothly with 
that obtained with the present apparatus above 
25,000. In view of the complicated crystal 
structure of manganese it might perhaps have 
been anticipated that it would exhibit transitions. 
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Perhaps the comparatively large amount of 
copper may have suppressed such a transition. 

Germanium. This I owe to the kindness of 
Professor Lark-Horovitz. It had been used by 
him in his low temperature investigations of the 
Hall effect and was of his “N” type. This was 
measured also in the 40,000 apparatus, the 
volume at 40,000 obtained with it was 0 952 
against 0.956 above 

Arsenic. This was from my single crystal 
stock, the same as that used in previous measure- 
ments (13), and known to be of high purity The 
effect of pressure on this substance is known to he 
complicated; measurements of the linear com- 
pressibility to 12,000 kg/cm 2 indicated great 
differences in different directions and a condition 
of not well defined internal equilibrium The 
volume compression has been meusured to 25,000 
and the fiducial volume at 25,000 was taken from 
those measurements (3) — no measurements were 
made with the same apparatus to the new range 
of 40,000. The present results do not join on 
quite smoothly with the former ones to 25,000. 
the new ones giving a higher compressibility at 
the low end of the range The former results 
gave a volume decrement between 20, (XX) and 

25,000 of 0.0062, and the new results between 

25,000 and 30,000 of 0.075. There was no per- 
ceptible permanent change of volume ufter the 
first application of 100,000 , 

Zirconium This was from the same specimen 
as that previously measured (14) to 12,000. It 
was obtained from the laboratory of the Philips 
I, amp Works in Eindhoven, was soft and mallea- 
ble and presumably of high purity Measure- 
ments to 100,000 were made in only a single 
piezometer The fiducial volume at 25,000 was 
obtained from measurements with the 40,000 
apparatus. This gave for the volume at 40,000 
0.960 against 0 956 above No transition was 
found; the compressibility drops smoothly with 
increasing pressure 

Lanthanum This was obtained from Maekay, 
without statement of the probable purity It 
was shipped under oil to avoid oxidation, was 
soft, and had every appearunce of sound, homo- 
geneous, pure metal . This was the first measured 
of four rare earth metals in consecutive places in 
the periodic table, namely Iai, Ce, Pr, and Nd. 
Very little work has been done on these pre- 
viously under pressure. Cerium, however, is 
known (16) to be anomalous, having a rather 
large transition near 7,000 and the low pressure 
phase, being one of the few substances with a com- 


pressibility increasing with increasing pressure. 
It suggested itself that the other rare earth metals 
might also show abnormalities; the only one 
found was a transition of lanthanum with .0026 
volume change at 23,400 kg/cm s . 

Measurements were made on lanthanum to 

100.000 in only a single piezometer. It was also 
measured 'in the 40,000 apparatus and the 
fiducial volume at 25,000 obtained from those 
measurements Since lanthanum is among the 
more compressible of the substances measured 
here the results may be accepted with some con- 
fidence. The volume at 40,000 given by the 

40.000 apparatus was 0 881 against 0 882 above. 

Cerium This was obtained from Maekay at 

the same time as the lanthanum and the same 
remarks apply to it Measurements in the 

40.000 apparatus gave for the volume at 40,000 
0.766 aguinst 0.770 ubove. It will be seen that 
no new anomalies were found ubove the transi- 
tion, and the compressibility of the high pressure 
phase decreases normally with increasing pressure. 
The data to 40,000 should be consulted, they 
differ materially at low pressures from the pre- 
vious data 

Praseodymium. This was obtained from 
Maekay and the. same remarks apply us to 
lanthanum and cerium Measurements were 
made in both the 40,000 and the 100,000 appara- 
tus, for the latter only a single piezometer was 
used. No anomalies were found, at either high 
or low pressures. The volume at 40,000 given by 
the 40,000 apparatus was 0 893 against 0 896 
with the 100,000 apparatus 

Neodymium. This was also obtained from 
Maekay, and the same remarks apply as to the 
three other rare earth metals. Measurements to 

100.000 were made in only a single piezometei. 
The volume obtained with the 40,000 apparatus 
at 40,000 was 0 905 against 0 906. No anomalies 
were found in any part of the range 

Thorium. This was also obtained from 
Maekay. It was in the form of rolled sheet, 
0.004 inches thick. The purity was not stated. 
It was punched into discs, which were stacked for 
the measurements to 100,000, psmg an indium 
sheath as usual. Only a single piezometer was 
used to 100,000 and no measurements were made 
with the 40,000 apparatus. No anomalies were 
found in the high pressure range The compressi- 
bility of thorium has been previously measured 
(16) to 12,000 for which the formula was found: 

A V]V 0 = - 18.15 X 10“ 7 p + 11 22 X 10~ 1S p* 
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The fiducial volume at 25,000, 0.962, was ob- 
tained by extrapolation from this formula At 

50.000 the same formula (fives 0.912 against 
0 924 found above 

Uranium This was old stock of unknown 
origin which 1 had had for a number of years. 
It is one of the more incompressible of the ele- 
ments measured here, so that the results are 
relatively less reliable The behavior found was 
normal m every respect Uranium is mechani- 
cally much softer than either lieryilium or ti- 
tanium, and no indication of an anomalous 
increase of compressibility was found The 
fiducial volume at 25,000 was obtained from the 

40.000 apparatus, which gave for the volume at 

40,000 0.9676 against 0 966 above 

Certain Compound* In Table III the volumes 


the neighborhood of 40,000. This transition was 
perceptible in the readings with increasing pres- 
sure with one of the piezometers, but not with 
the other, which was more irregular than usual. 
The results in Table III are accordingly smoothed 
over the transition. At 50,000 the former valfte 
of the volume was 0 907 against 0.922 given now. 
The difference is greater than usual and is doubt- 
less connected with smoothing over the transition. 

The measurements with HgS were not as satis- 
factory as desirable The material was the red 
sulfide, previously used to 50,000 The first run 
to 100,000 gave an abnormally high compression 
up to 80,000, and then a further volume discon- 
tinuity indicating a transition. Unfortunately 
the slider stuck because of viscosity in the trans- 
mitting medium (this was before this defect in 


TAHLK III 


Voi vur or Various Compounds 



and 0 893 and 0 892 


of nine compounds ure given the sulfides, sele- 
mdes and tellurules of zinc, mercury and lead 
These have already been measured (17) to 
.50,000, the material used in the new measure- 
ments is the same as that of the old 

ZnS was measured in the form of sphalerite, 
the form wurtzite is known to be changed by 
pressure anti shear irreversibly to sphalerite (18) 
Nothing notable was found in the new range 
At 50,000 the volume was formerly found to be 
0 951, to be compared with 0 954 found now 
ZnSe was formerly found to have a transition 
in the neighborhood of 38,000 kg/cm 2 with 
volume discontinuity of 004 This is too small 
to be definitely indicated in the present results, 
which were smoothed right over the transition 
The volume at 50,000 given by the previous 
measurements was 0.931 against 0 930 now. 

The former measurements on ZnTe gave a 
transition with volume discontinuity of 0.005 in 


the apparatus had been corrected) with decreasing 
pressure, and the results of the run were discarded. 
The run with the second piezometer gave per- 
fectly satisfactory readings on the identical 
specimen, except that the compression was 
markedly less One would suspect a permanent 
change of form after the first application, except 
that recovery of the initial volume at atmospheric 
pressure had been perfect The present measure- 
ments indicate an increase of compressibility 
with pressure at the low end, it is questionable 
how much of this is real. The volume found in 
the former measurements at 50,000 was 0 892 
against 0 912 found' now. The difference is 
larger than usual and again indicates some un- 
usual occurrence, X-ray analysis of the final 
product would be desirable. 

The HgSe was material which had previously 
been exposed to 50,000. It is known to have a 
large transition near 7,500, which naturally did 
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not figure in the present work The volume 
previously found at 50,000 was 0.820 against 
0.816 found now. The high pressure measure- 
ments seem conventional enough ; the decrease of 
compressibility with increasing pressure is perhaps 
somewhat greater than normal 

The HgTe was from the same hatch of syn- 
thetic material as that formerly used, hut this 
particular piece had not been formerly exposed 
to pressure. It was previously found that HgTe 
decomposes slowly under pressure to the elements 
This decomposition prevented former measure- 
ments of the compressibility, but did not prevent 
the establishment of a reversible transition near 
12, (XX) with 8 4 per cent volume change, slightly 
less than the change of HgSe In this new work 
the decomposition was not encountered, doubt- 
less because the volume was so much smaller and 
the application of pressure so much more rapid, 
20, OCX) m the preliminary application being 
reached m two or three minutes. As a conse- 
quence of this there are no low pressure compressi- 
bilities which could he used by extrapolation nor 
any direct measurements to gi\e the fiducial 
volume at 25, OtX). The value used in the table, 
0.870, is a guess based on the known volume of 
HgSe and the known volume discontinuities at 
the transitions The high pressure measure- 
ments appear normal enough The compressi- 
bility at high pressures drops off with increasing 
pressure much less than it docs for HgSe, and the 
volume curves cross. 

Hie PbS was a piece which had liecn previously 
exposed to 50,000 It is known that there is a 
transition just below 25,000, which naturally did 
not appear in this work except as it enters the 
fiducial volume at 25,000, which was taken from 
the former measurements The volume at 50,000 
given by the former measurements was 0 901 
against 0 909 found now 

PbSe has been previously found to have a poly - 
morphic transition at 43,000 with volume dis- 
continuity of 0.016. The transition was found 
with these new measurements with a somewhat 
larger volume change, 0.024. The new value is 
doubtless to be preferred, since the transition 
point is so near the end of the former pressure 
range that the transition may not have run to 
completion. The volume at 50,000 given by the 
previous measurements was 0.882 against 0.888 
found now. Above the transition the compres- 
sibility falls off normally with increasing pressure. 
The compressibility of the high pressure phase is 


not markedly different from that which would be 
extrapolated from the low pressure phase. 

The PbTe had not been used in the former 
measurements to 50,000 but had been seasoned 
by an application of 30,000. Again, as in the 
case of PbSe, the previous measurements showed a 
transition at aliout 42,000 The volume change 
found was 0 009 The transition was found in 
the present work, but with a much larger volume 
change, 0.033. Doubtless the former low value 
is to be explained by incomplete running of the 
transition The volume previously found at 
50,000 was 0 900 against 0 884 found now. The 
difference tan be almost entirely explained by 
former incomplete running of the transition. 

Quartz Crystal ami Six Glasses One point of 
interest in measuring the glasses was to find 
whether the abnormal increase of compressibility 
with increasing pressure found at low pressures 
persists at high pressures In the case of quartz 
glass it hail already been found (19) that there is 
a reversal near 35,000. The interest in measuring 
quartz crystal was to compare it with the glass. 
The three glasses "A”, “C”, and “D” in the 
following were from the same stock as that used 
in previous measurements (20) of the effect of 
pressure on rigidity The glass was originally 
obtained from Dr J T Littleton of the Research 
Ialioratory of the Corning Glass Works. “A" 
was a potash lead silicate of very high lead con- 
tent, “C" was a soda potash lime silicate, and 
“D” a soda zinc borosilicate. The quartz glass 
was from ordinary laboratory stock, selected to 
be free from visible imperfections The quartz 
crystal was provided by Professor Birch, who had 
it worked to the special shape required for 
measurement in the 40,000 apparatus. After the 
measurements to 40,000 I cut from the specimen 
a smaller piece for measurement to 100,000. 
The liorux glass was also provided by Professor 
Birch, from the same stock as that used by Dane 
anil Birch in their measurements of the effect of 
pressure on viscosity (21). 

The volume at 40,000 for quartz crystal found 
with the 40,000 apparatus was 0 921, against 
0.926 given by the 1(X),000 measurements. The 
cubic compressibility of quartz crystal is also 
obtainable from previous measurements (22) of 
the linear compressibilities in different directions 
up to 12,000. The formula, corrected for my 
improved compressibility of iron, is 
A VIV a « - 26.45 X 10“V + 22 6 X 10~V- 
This formula gives by extrapolation for the 
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volumes at 25,000, 30,000, and 40,000 0 948, 
0.942, and 0 930 respectively The agreement 
with the values of Table IV is as close as could 
be expected for an extrapolation of this magni- 
tude 

Quartz glass, measured in the 40,000 apparatus, 
gave for the volume at 40,000 0 881 against 0 885 
in Table IV Measurements have also been 
previously made to 50,000 The previous vol- 
umes at 25,000, 30,000, 40,000, and 50,000 re- 
spectively were 0 928, 0 912, 0 884, and 0 861 
Both the previous measurements to 50,000 and 
the new ones to 40,000 show well the reversal in 
dV\ 

— ) near 35,000 The measurements in Table 

djr J, 

IV to 100,000 do not show this so well, however, 
the point of reversal being too near the lower end 
of the range It will be noticed that the com- 
pressibility of the glass drops off with increasing 
pressure, in the range above 40,000 where it has 
become normal, more rapidly than that of the 
crystal This is to be expected 

The volume of glass “A” given by measure- 
ments m the 40,000 apparatus was 0.904 at 40,000 
against 0 905 found now The 40,000 measure- 
ments indicate a break in direction near 20,000, 
the glass being more compressible above this 
pressure than would have been extrapolated from 
the volumes at lower pressure This behavior is 
not suggested by anything in the present range, 
the compressibility dropping off smoothly with 
increasing pressure 

Pyrex glass has been found previously to have 
the same abnormal increase of compressibility 
with pressure as exhibited by quartz glass 
Previous measurements had not extended above 

12.000 New measurements on pyrex up to 

40.000 show that the anomaly vanishes in the 
neighborhood of 25,000. The volume at 40,000 
found with the 40,000 apparatus was 0 887 
against 0.885 of Table IV al>ove. In the range 


of Table IV compressibility drops normally with 
increasing pressure 

Glass “C” measured in the 40,000 apparatus 
shows the same sort of anomaly in the neighbor- 
hood of 20,000 as glass “A ” The behavior ap- 
pears to lie normal in the range above 25,000 
covered in Table IV The volume at 40,000 
found with the 40,000 apparatus was 0.917 
against 0 920 found abov e 

'Glass “D” measured in the 40,000 apparatus 
shows the same type of anomaly as “A” and “C,” 
exi ept that it is even more pronounced and occurs 
at a pressure somewhat below 20,000 instead of 
aliove it The volume at 40,000 given by the 

40.000 apparatus was 0 895 against 0.909 above 
The discrepancy is by far the largest of any 
found in this paper All the measurements 
appeared normally good, and the explanation 
does not suggest itself If the anomaly just 
below 20,000 were associated with a transition, 
and if this were suppressed in the high pressure 
measurements, perhaps because of the rapidity 
with which pressure was increased, the discrep- 
ancy would be qualitatively explained. However, 
a transition of this sort in a glass would he some- 
thing new. 

Borax glass, measured in the 40,000 apparatus, 
showed no low pressure anomalies The relation 
between volume and pressure is definitely not 
reproducible by a second degree expression in the 
pressure, the initial rate of drop of compressi- 
bility compared with that at higher pressures 
being too high At 40,000 the volume given by 
the 40,000 apparatus was 0 835, against 0.845 
above The discrepancy is larger than usual, 
but so also is the absolute change of volume. 
Borax glass is the most compressible of the 
glasses measured here, quartz glass is next The 
shape of the curves of volume against pressure is 
not the same for these two glasses; they draw 
together between 25,000 and 50,000, and from 

50.000 on draw apart again by a small amount. 
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Discussion 

Perhaps the most interesting question raised by 
an extension of volume measurements into a new 
field of high pressure is whether there is any indi- 
cation of the atomic break-down to be expected 
at astronomical pressures. Ultimately, at high 
enough pressures, it has been shown by Jensen 
(23) and others that the perfect gas law will be 
followed, or volume will be inversely as the 
pressure. This means that ultimately log vol 
will be linear in log p, with a slope of unity. In 
Figure 5, logio vol is plotted against login p for 
the five alkali metals of this paper, for lanthanum, 
the next most compressible metal of this paper, 
for borax glass, and for CsBr, one of the most 
compressible of the salts, the data for which have 
been determined in a previous paper (24) With 
one exception, the curves are all concave down- 
ward. If curvature continues in this direction, 
the volume will vanish at infinite pressure. 
Asymptotic approach to a finite volume at infinite 
pressure would obviously demand a reversal of 
curvature. Now all the early equations of 
state, before the possibility of atomic disintegra- 
tion was visualized, demanded almost without 
exception a finite limiting volume at infinite 
pressure These high pressure measurements are 
sufficient to show the definite inadequacy of this 
point of view. Further than this, the curves do 
not suggest any very definite conclusions. They 
are .obviously still a long way from approaching 
the limiting slope of unity, and might equally 
well be headed for other limiting slopes, which 
would mean that ultimately the volume becomes 
proportional to some power of the pressure other 
than the first. 

Especial significance should doubtless be at- 
tached to the curve for caesium There are two 
breaks in this curve corresponding to the two 
polymorphic transitions The lower transition 
at 23,000 has a small volume change and the 
course of the curve is hardly affected on passing 
through it. The higher transition at 45,000, 
however, is something quite different. The 
volume change is much larger, and the high 
pressure phase is drastically different, because 
for it log vol against log p is concave upward, the 
only example of it. This is the direction of 
curvature consistent with a finite volume at 
infinite pressure, and is not the sort of thing 
associated with the atomic breakdown contem- 
plated by Jensen. A plausible inference would 
seem to be that there may be a large number of 


intermediate episodes on the way to complete 
atomic disintegration. It seems not unreason- 
able to expect that the pressure domain beginning 
at roughly 10 5 or 10® atmospheres may be a 
domain of as much detail and structure, at 
present entirely unsuspected by us and beyond 
present theoretical attack, as the complex atomic 
domain of ordinary experience. 

The high pressure end of the curve for potas- 
sium shows indications of an approaching reversal 
of curvature like that of caesium. Experimental 
error, however, makes this more uncertain, the 
large effect for caesium would seem to be beyond 
possible experimental error. 

The curves for borax glass and for caesium 
bromide cross, that of the latter runs rougldy 
parallel with that of the metals The crossing 
indicates an abnormally high compressibility in 
the borax glass at the low pressure end of the 
range This is what might be expected in a 
glass, the initial effect of increasing pressure 
being to remove the “slack” between the mole- 
cules, as in a liquid 

Incidentally, any crossing of the volume curves 
m inconsistent with a universal one parameter 
relation between volume and pressure, of which 
the simple one constant equation of Murnaghan 
(25) is a recent example Murnaghan’s more 
complicated equations, with two or more dis- 
posable constants, would be required to represent 
all the present results 
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lNTKODUC'l ion 

In a previous paper (1) an apparatus has been 
described for the rapid determination of the com- 
pression of solids at room temperature to high 
pressures, and the compression of 61 fairly 
compressible solids determined with it to 25,000 
kg/cm 1 . It was definitely not the intention to 
push this apparatus to the limit, but to use it as 
a tool of routine exploration in a range in which 
there would be no danger of fracture. It now 
appears that the limit formerly set was too con- 
servative, for the same apparatus with minor 
modifications has now been carried regularly to 
40,000, and the compression of 177 substances 
determined with it. Each substance involves 
two applications of maximum pressure, a pre- 
liminary "seasoning” application and the second 
stepwise application, up and down in steps of 
approximately 2,000 kg/cm 1 , giving 43 readings 
in all. This has been accomplished with no 
fracture or measurable change of dimensions of 
the main pressure vessel. The short carboloy 
pistons, however, with which pressure is produced 
do not stand up indefinitely in this higher range, 
but have to be renewed from time to time. 
Failure of the piston is foreshadowed by the 
appearance of minute cracks, and since the 
piston can still be used several times after the 
first cracks appear, this has proved no disad- 
vantage. One catastrophic failure occurred in 
the course of this new work. This was a failure 
of the steel column by which pressure is trans- 
mitted to the short carboloy piston, the column 
having been designed for the lower range of 25,000. 
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Fortunately it was possible to redesign the column 
for the higher pressure range, and no further 
trouble has been encountered. 

The materials investigated in the following 
have been selected as of interest from several 
points of view The accuracy of the measure- 
ments naturally is greater for the more compres- 
sible substances, so that, in general, highly 
incompressible substances are to be avoided. 
Even these may be examined with profit, however, 
with regard to the possible existence of new poly- 
morphic forms There is no one guiding motif in 
the selection of the following material The 
measurements have been made rather in the 
spirit of “scientific knitting,” done in spare time 
between more systematic and important investi- 
gations. Since these measurements are mostly 
new, it has seemed worth while to at least record 
them 

The detailed presentation of data now follows, 
grouped into classes of substances 

Detailed Data 

Plastics Some 38 different plastics were meas- 
ured, collected from a number of sources to have 
as wide a range of composition as possible. It 
was, anticipated that there might be various 
transitions of higher orders among the plastics, 
that is, discontinuities in the various derivatives 
of volume, as a result of different stages of align- 
ment of the long molecules. This did not turn 
out to be the case, however, but the curves were 
in almost all cases smooth. 

The first six plastics shown in Table I were 
ordinary articles of commerce, taken from the 
laboratory stock. The Bakelite was clear amber 
stock, perhaps 25 years old. The “new” hard 
rubber was perhaps two or three years old, and 
the “old” about 25 years old. The purpose in 
trying rubber of two ages was to test whether 
there is any slow change with time. I owe to 
the courtesy of the du Pont Company the speci- 
mens of nylon and “Teflon” (polytetrafluorethy- 
lene). No. 29 in the table. The nylon ft-10 was 
cut from a sheet about 0.25 inch thick. The 






ROUGH COMPRESSION'S OF ONE HUNDRED AND SEVENTY-SEVEN SUBSTANCES 




nylon 6-6 was provided in a rod of approximately 
0.5 inch diametet (unoriented). The “oriented” 
specimen of this 6-6 nylon was produced by 
upsetting a cylinder originally 1 inch long by 
one-sided compression between the platens of a 
hydraulic press until the thickness was reduced 
to 0.085 inch. It required about 45,000 psi to 
do this. Plastics 10 to 15 inclusive I owe to the 
courtesy of the American Cyanamid Company. 
Their description of them is as follows. 

Melmac 404; Melamine-formaldehyde, no filler, 
at present an experimental product. 

Melmac S-6004; Melamine-formaldehyde, as- 
bestos filler. 

Melmac 1079; Melamine-formaldehyde, alpha 
cellulose filler 

Beetle; Urea-formaldehyde, alpha cellulose 
filler. 

Aeroglass 4121; Clear cast copolymer type, no 
filler. 

laminae 4201; Clear cast copolymer type 
resin similar to that used in laminating 
applications, no filler 

Plastics 16 to 28 inclusive 1 owe to the kind 
offices of Dr. C. O Strother of the Linde Air 
Products Company, who obtained most of them 
from the Bakelite Corporation The descrip- 
tion is given in the appended table 

In addition to the plastics described in detail 
in the above table, four others obtained from 
Dr. Strother are described as follows. “Sample 
206-38 is of the type known as a polyester resin. 
It is generally made hy the reaction of a di-basic 
acid containing maleic acid with a glycol. This 
base resin is hardened with a vinyl material such 
as styrene. The samples marked 41000 and 
48000 are phenolic formaldehyde types. Sample 
46000 is a so-called glyptal. It is made by the 
reaction of a di-basic acid, such as phthalic, with 
glycerine or a like compound.” 

Plastic 30 is one of the experimental fluorine 
plastics developed during the war which I owe to 
the kindness of Dr. W. T. Miller of Cornell. 

Plastics 31 to 38 inclusive are various silicone 
plastics which I owe to the courtesy of the Dow- 
Corning Research Laboratory.- These silicones 
are described by the manufacturers as “Silastics,” 
and various mechanical and electrical properties 
are given in their trade catalogue on silicones 
Silastics 120 and 125 contain approximately 50 
per cent by weight of titanium oxide and 50 per 
cent of high polymeric methyl silicone. Silastics 
160, 167, 180 and 181 contain approximately 60 



extremely small quantity of contaminating carbon arising in polymerisation, hence, the dark gray color of molded plaque. 
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per cent by weight of fillers and the balance is a 
high polymeric methyl silicone. The fillers are. 
160 — 60 per cent zinc oxide and 50 per cent 
titanium oxide; 167 — all titanium oxide; 180 — 50 
per cent titanium oxide and 50 per cent silica, 
181 — all silica. 

Omitting Melmac S-6004, a heavily filled 
plastic, and the filled a-Beetle, the range of vol- 
ume compression under 40,000 is from .1737 for 
Melmac 404 to 2614 for Silicone 125-96, a range 
of about 50 per cent. The range of initial com- 
pressibilities is much wider than this, however 
The volume compression in the first 2,500 kg/cm* 
varies from 0.0226 to 0 0872, a range of nearly 
four fold That is, at the high pressures the 
initial differences tend to disappear. The sili- 
cones stand in a class hy themselves, being char- 
acterized by a high initial compressibility. As 
already mentioned, no breaks in direction were 
found and the curves were all smooth. This 
does not mean, however, that the curves are all 
similar to each other, because a number of ex- 
amples can be found of crossing of the curves 
Any such effects are, however, not on a large 
scale. 

The only anomaly found in all these plastics is 
shown by Teflon This has, at 6,500 kg/cm* , a 
discontinuity in volume, indistinguishable in all 
its traits of behavior from an ordinary reversible 
polymorphic transition. Since such transitions 
are ordinarily associated with change of lattice 
structure, and plastics are not, according to the 
ordinary point of view, endowed with a regular 
lattice structure, the occurrence of such a transi- 
tion was unexpected. It would seem to indicate 
an unusually high degree of organization in the 
structure. Professor B. Warren, of Massachu- 
setts Institute of Technology, was so kind as to 
make an X-ray analysis of a sample of teflon 
He reported : “There are too many sharp lines for 
this to be classed as the pattern of a truly amor- 
phous material. It is not possible to say that the 
material is perfectly crystalline, but it is closer 
to crystalline than to the completely amorphous 
state.” 

Glasses. Six glasses were measured, for which 
the results are given in Table II. Of these, 
quartz glass was from laboratory stock, selected 
to be free from internal striations Pyrex was 
similarly selected from laboratory stock Glasses 
“A,” “C,” and "D” are from the same rods as 
those used a number of years ago in measuring 
compressibility and the effect of pressure on 
rigidity (2). I owe them to the courtesy of Dr. J. 


T. Littleton of the Research Laboratory of the 
Corning Glass works. Glass “A” is a potash lead 
silicate of very high lead content, “C” is a soda 
potash lime silicate, and “D” is a lead zinc 
borosilicate. The borax glass I owe to the 
courtesy of Professor Francis Birch, it is from the 
same batch as that used by Dane and Birch in 
their measurements of the effect of pressure and 
temperature on viscosity (3). 

Of the six glasses investigated, all but the borax 
glass show anomalies of one sort or another which 
are all beyond any possible experimental error. 
The anomaly of quartz glass has already been in- 
vestigated (4) in another apparatus up to 50,000 
It was formerly found that its compressibility 
increases with increasing pressure at a constantly 
increasing rate until a pressure of 35,000, where 
there is a break in the direction of the tangent 
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(transition of the second kind in the nomenclature 
of Ehrenfest), and from there on decreases 
normally with further increasing pressure This 
behavior is confirmed with the present apparatus 
The discontinuity in direction is now found at a 
somewhat lower pressure, 31,000 instead of 

35.000 The best way of seeing this is to plot the 
first differences of volume from Table II against 
pressure. With regard to absolute values, the 
volume decrement at 40,000 found with the 
present apparatus is 0.1194 against 0 1163 pre- 
viously. This difference is not necessarily all 
instrumental, because there is reason to think 
that quartz glass is not a perfectly well defined 
substance The anomaly of pyrex is similar in 
character to that of quartz glass, as is to be ex- 
pected from the 81 per cent content of Si(^ in 
pyrex The break in direction is at a somewhat 
lower pressure for pyrex, between 28,000 and 

29.000 Pyrex has been formerly measured (5) 
over the range up to 12,000, and the initial in- 
crease of compressibility with rising pressure 
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found. The volume decrement at 15,000, extra- 
polated from the 12,000 measurements, was 
0.0462 against 0.0465 found now. 

Glasses "A,” “C,” and "D” all show the same 
sort of anomaly, the reverse of that of quartz 
glass. It is natural to ascribe this to the silicate 
content of these glasses. The anomaly consists 
in a break in the direction of the tangent, but in 
the direction of an increase of compressibility 
rather than a decrease. Above and Mow the 
break the compressibility decreases normally 
with increasing pressure. For glass “A” the 

discontinuity in ( — J occurs at 21,000 and is ap- 
W/r 

proximately 0 00000045 in magnitude in the units 
of the table; for glass “C” it occurs at 22,000 and 
is 0.00000055 in magnitude, and for “D” it occurs 
at 18,000 and has a magnitude of 0 0000004 

The anomalies in quartz glass and the silicates 
are thus one the inverse of the other, and would 
therefore seem to implj inverse mechanisms 
In the case of quartz some mechanism responsible 
for high compressibility goes out of action on 
reaching a certain pressure, and in the case of the 
silicates some new mechanism must come into 
action at a critical pressure Mechanical models 
are not difficult to imagine Thus if in the case 
of quartz the structure contained something 
analogous to dished flat springs, the increase of 
compressibility could be explained as a geometri- 
cal effect, the spring becoming flatter the further 
it was compressed and therefore offering less 
elastic resistance because of the diminishing 
arching effect, and the sudden termination of the 
effect could be explained by the opposite sides of 
the dished spring being compressed into mutual 
contact In the case of the silicates an analogous 
sort of mechanism can lie imagined, only now the 
springs are parallel to the direction of stress and 
the two leaves do not begin to separate until a 
crucial pressure is reached. The X-ray structure 
of the glasses is known to be complicated enough 
and also to have sufficiently marked partial 
regularities to make it not unplausible to expect 
that mechanisms like these inay exist. 

Elements The measurements on the elements 
were made both for their own sake, and also to 
provide the fiducial volume at 25,000 which was 
necessary in reducing the measurements to 

100.000 These latter are reported in the previ- 
ous paper; there is an overlapping range between 

25.000 and 40,000 which affords a check on the 
measurements. The comparison of the measure- 
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ments in the overlapping range has been antici- 
pated in the previous paper 

The five alkali metals were from my stock, 
known to be of high purity It is the same stock 
as that used in previous measurements (6), and 
referenc e is made to former pa pels foz the details 
of purification, etc The caesium was freshly dis- 
tilled from a glass capsule obtained from MucKay 
in 1037 and not opened until now The distilla- 
tion, which was slow at a minimum temperature, 
was necessary to remove the impurity of dis- 
solved oxide The details of the distillation were 
as in former work For the present measurements 
the lithium was placed directly m the earbolov 
container, with no sheath of indium or other 
intermediary between it and the c arholov Some 
misgivings were felt m doing this, because there 
had been previous ev idenee in the work to 100,000 
that there might be chemical attack on the 
carboloy None appeared in the present lange, 
however, and the results should have the advan- 
tage of greater accuracy because of the absence 
of any second material in the piezometer It was 
necessary' to use a protei ting sheath for the other 
four alkalies, how’ever This was made necessary 
both l>v their mechanical softness and their 
eheinie.il activity The sheath could not lie 
made of indium or of lead, since both of these 
form iillovs The sofest metal whuh appeared 
feasible for the sheath was aluminum The 
sheath was in the form of a double cup The 
volume of the aluminum varied from 70 to 200 
per cent of the alkali metal depending on the 
compressibility of the metal The various cor- 
rections, including that for the compressibility 
of the sheath, averaged 10 per cent of the total 
volume decrement 

There arc prev ions measurements on all of 
these alkali rnetuls for c omparison For lithium 
the volume decrement at 10,000 previously 
found was 0 201 against 0 204 found now For 
sodium the previous decrement at 40,000 was 
0 273, against 0 274 now For potassium the 
respective figures are 0 375 and 0 377 For 
rubidium the figures aie 0 431 and 0 345 This 
large discrepancy is doubtless the fault almost 
entirely of the previous measurements These 
were based on measurements by the method 
of linear compressibility up to 12,000, a method 
entirely unsuitable for this material because ol 
its excessive mechanical softness Furthermore, 
the theoretical calculations of Bardeen (7) had 
indicated that the previous values for rubidium 
were out of line with what was to be expected in 


the direction now found The percentage dis- 
crepancy hetween the former and present mea- 
surements is greatest at the low pressure end of 
the range For caesium the respective figures 
are 0 487 and 0 482 The new figure is to be 
preferred The volume discontinuity at the 
transition of caesium at 23,300 kg/cm 2 formerly 
found agrees exactly with that now found. 

The heiyllium I owe to Professor John Clnpman 
of M 1 T It was said to be of 99 7 to 99 8 
purity For further particulars the paper de- 
scribing the measurements to 100,000 should be 
consulted There are previous measurements 
(8) of the compressibility of beryllium to 12,000 
These give for the volume decrement at 10,000 
0 0076 against 0 0094 now found The new 
value is doubtless to be preferred, because of 
greater purity of the present specimen How- 
ever, it must be recognized that the absolute 
compressibility of bervlhutn is so low as to 
restrict the accuracy obtainable with the present 
apparatus 

The titanium was obtained from MntKuy It 
W'as said to be of 99 per cent purity, but was bard 
and brittle It is not improbable that there is a 
veiv small transition m the neighborhood of 
35,000 The values given in the table are 
smoothed across this There are no previous 
ineasuiements for comparison Titanium is one 
of the least compressible substances measured 
with the present apparatus, with correspondingly 
smaller accuracy 

The 7,inc was single-cry stal material obtained 
a number of vears ago from Dr A W Hanson at 
the University of Iowa and known to be of high 
purity One of the objects of measuring zinc was 
to find whether the indium .sheath exerts an 
effectively hydrostatic pressure on the specimen 
so that the resulting pieasurement is one of true 
volume compression, and not of some other com- 
bination of the elastic constants Since the 
linear compressibility of zinc is 8 times as great m 
one direction as the other, tins is a particularly 
tavorahle material to show the effect if it exists 
Three spec linens w ere made, one with the cleavage 
plane perpendicular to the axis of the carboloy 
piezometer, one- with it parallel, and one at 45° 
The- measurements did show a perceptible trace 
of the effect suspected, and m the expected 
direction The volume compression on an arbi- 
trary scale at the maximum pressure varied from 
X86 to 89h This is so very far from a factor of 
8 to I that it is probably safe to assume that for 
most materials the stresses are sensibly hydro- 
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static The figures given in the tahle are tin- 
average for the three orientations, and therefore 
possibly a trifle low Previous measurements (9) 
have been made to 12,000 on the single crystal 
in different directions and the cubic compression 
calculated The previous value at 10,000 so 
calculated was 0 0200 against 0 0204 found now 
The germanium J owe to the cointesi of 
Professor Lark-Horovitx It has been measured 
to 100,000 and reference is made to that paper 
for further details There are no other measure- 
ments Over the range to 40,000 the iclation 
between volume and pressure fails markedly of 
being a second-degree relation The maximum 
deviation from luieuritv is at 12,000 instead of 
20,000, and the change in direction in the general 
neighborhood ol 12,000 is so abrupt as almost to 
constitute a ti.iiisition of the second kind 

Zirconium was cut from a specimen obtained 
many years ago from Kindhoven used m previous 
measurements (10) to 12,000 The volume de- 
crement formerly found at 10,000 was 0 0103 
against 0 0111 found now Tins is one of the 
more incompressible substances 

Lanthanum, cerium, praseodymium, and neo- 
dymium were all obtained fiom Maekav, all 
fresh material shipped under oil The purity 
was not stated, but judging by the general 
appearance- and mechanical softness the puntv 
wijj> high Three of these metals have been 
measured pm lously ( 1 1 ) to 12,000 hv the method 
of linear compressibility The cr.vstal s.vstem of 
cerium is cubic, and of the other three hexagonal 
close-packed Kxccpt for cerium it was theiefore 
not legitimate to calculate volume compression 
from linear compiession, but in view of the close- 
packed character of the hexagonal structure the 
error was proha hi y not large 

The compression pi eviously found for lan- 
thanum at 10, (KM) w'.is 0 Odd!) against 0 0370 
found now The present value is to he preferred 
both because of the pii-sumptivelv greater purity 
and also because lanthanum is not in the cubic 
system The transition at 23,370 was not pie- 
viously known, it luns cleanly with narrow region 
of indifference 

Cerium is anomalous m two respects, there is a 
large transition with 8 per cent volume change at 
12,430, and below the transition the compressi- 
bility increases markedly with increasing pressure, 
the volume decrement at 10, (XX) being 17 per cent 
greater than would be given by linear extrapola- 
tion from 5,000 Previous measurements showed 
the same abnormal increase of compressibility, 


and also a tiausition The transition, however, 
was at a much lower pressure, 7,500 kg/cm” 
It was found to he sluggish and the change of 
volume was not determined, the measurements 
having been made on a piece of wire, not an 
advantageous form of specimen The transition 
now found was sharp and rapid The new values 
are without doubt greatlv to lie preferred, the 
difference may well be ascribed to inferior purity 
of the former sample A still earlier exploration 
of a sample of cerium with still infeiior purity had 
disclosed no transition at all It is, however, 
surprising that the pressure of the transition is so 
sensitive to impurity It would indicate that 
the impurity forms solid solutions, and probably 
w-ith both phases and with different concentra- 
tions The previous measurements of volume 
compression, by linear compression of wire, were 
made only to 4, (XX) in order to avoid the effect of 
the transition Extrapolation to 5, (XX), assuming 
uniform compression in all directions, of the 
former measurements, gives 0 0209 against 0 0234 
found now The new value is to he preferred 

In view of the anomalies of both lanthanum 
and cerium, increasing from lanthanum to cerium, 
it was somewhat of a surprise that praseodymium, 
the next rare earth metal after cerium, shows no 
anomaly whatever, hut the curve is perfectly 
smooth Its volume compression at 10,000, 
previously found, was 0 03211 against 0 0328 
found now 

The ciuve foi noodvimum is perfoctlv smooth 
Theie aie no previous values tor comparison 

Mtnrrah I am indebted for elc-v en minerals to 
Professor Francis Illicit, who selected them from 
the collections of the Han aid Geology Depart- 
ment Professor Birch had them ground in Ins 
machine shop by Mr Harold Ames to the shape 
required for the measurements The truncated 
cone form was uses!, and indium was placed below' 
the specimen, between it and the stationnrv 
piston, as well as on the sides of the cone and 
above it, in order to ensure as close an approach 
to true hydrostatic pressure as possible The 
specimens were all single cry stals Tw o spei linens 
of orthoelase were measured, one from Madagas- 
car was clear, and the other from fspain was 
opaque with small black inclusions The olivine 
was gein material (pendot) from St John’s 
Island, Red Sea, Egypt. The diopside was from 
De Kalk, N. Y The grossularite, a variety of 
garnet, bad the indicated composition Ca 3 Al 2 
(Si0 4 )* The “garnet” was from Connecticut, 
and the hypersthene from Labrador 
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TABLE IV 

COMPRESSION OF VARIOUS MINERALS 



The results are collected in Table IV There 
are previous measurements for a numhei of the 
minerals For quartz, former measurements (12) 
to 12,000 give for the volume decrement at 
10,000 0 0242 against 0 0236 found now Extra- 
polating by a .second degree expression to 40,000 
the former measurements give a volume decre- 
ment of 0 0600 against 0 0702 actually found 
now The extrapolation gives considerably too 
small a decrement at the high pressures, this is 
the usual direction ot discrepancy The two 
orthoclases differ little m compressibility , in 
spite of the great difference in appearance 
Former measurements (13) to 12,000 gave at 
10,000 0 010. r > against 0 0171 and 0 0175 found 
now Lahradorite has not been previously 
measured Caleite has been previously meas- 
ured (14) to ,50,000, in those measurements the 
two transitions between 10,000 and 20,000 were 
more carefully studied than here In the present 
work the two transitions were not resolved The 
former decrements at 20,000 and 40,000 were 
0077 and 0 096 respectively against 0 073 and 
0 102 found now The present results differ 
from the former ones m giv mg a greater compres- 
sibility in the range between 20,000 and 40,000 
Of the remaining minerals prev ions measurements 
have been made only for halite Previous 
measurements gave for the decrement at 20,000 
and 40,000 respectively 0 0664 and 0 1 130 against 
0 0664 and 0.1160 found now The dose agree- 
ment in the results for the two varieties of garnet 
is to be noticed 

Subatancra with Tranaitwna Most of thpse 
were substances previously investigated (16), for 
which the transition parameters have been de- 
termined There are, however, a few new ones, 
the transitions of which were discovered in the 
course of this work Five substances with newly 
discovered transitions are deferred for listing in 
Table VII. The particular point in investigating 


these substances was to find the relative com- 
pressibilities of the two phases at the transition 
point It had been previously found that in the 
majority of cases the high pressure phase, that is, 
the phase with the smaller volume, has the 
larger compressibility, a paradoxical result The 
material was, in the case of those substances 
measured before, the same old stock, and refer- 
ence is made to previous papers for a description 
of it The few new materials will he described in 
due course The results are shown in Table V 
The volume discontinuity of ammonium for- 
mate previously found was 0 0860 against 0 0860 
iound now In general comment on the com- 
parative volume decrements, the larger of two 
values is presumptively more accurate, the smal- 
ler value being due to incomplete running of the 
transition This substance shows a drop m 
compressibility to approximately one half on 
passing from the low to the high pressure form 
Methylainine hydrochloride has two transi- 
tions, at approximately 5,000 and 25,000 The 
volume discontinuities previously found were 
0 049 ± and 0 012 ± against 0 0520 and 0 0158 
found now There is no appreciable difference 
in compressibility of the two phases at 25,000 
Not enough points were taken to determine the 
relative compressibility of the two low pressure 
phases It is to he noted, however, that at low 
pressures the compressibility \ aries with pressure 
hv an amount abnormally large for a solid 
The volume discontinuity' of CsMnOc pre- 
viously found was 0 0275 against 0 0241 now 
At the transition pressure the high pressure form 
is approximately 11 per cent less compressible 
than the low pressure form 

Comparison of the present values for KCN 
with previous ones is not easy It was previously 
found that KCN has at least four modifications. 
In order to obtain these, temperature was varied 
from dry ice temperature to 200° C Most of the 
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TABLE V 

Substances with Transitions 



(e) Transition at 20.340 Volume decrements 10U and 1886 

(f) Transition at 6 ISO. Volume decrements 0369 and 0761 

(K) Transition at 14,400, Volume decrements 0339 and 0702 

(h) Transition at fi 490, Volume decrements 0411 and 1053 

(1) Transition at 3.540. Volume decrements 0309 and 0512 

TABLE V (Continued) 


Substances with Transitions 



(l) Transition at 4,530. Volume decrements 0477 and 0568 _ 

(m) Three transitions below 5 000 

(n) Transition at 10,460, Volume decrements 1968 and 2027 

(o) Transition at 3.540, Volume decrements 0748 and 1229 

(p) Transition at 23.300, Volume decrements 1092 and 1317 

(q) Transition at 3,540, Volume decrements 0211 and 0663 

(r) Transition at 20,340. Volume decrements 1348 and 1411 

(s) Transition at 30,220, Volume decrements 1202 and 1364 

(t) Transition at 87,190, Volume decrements 1642 and 1622 

(u) Very sluggish transition between 10,000 and 15,000 

(v) Probably two sluggish transitions in neighborhood of 25,000 Volume discontinuity of one about four times that 
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transitions are fast, but at low pressures ami high 
temperatures there is one transition so sluggish 
that it conlrl not be brought down to room tem- 
perature, and furthermore there was evidence at 
the higher temperatures of the capricious appear- 
ance of an absolutely unstable form. The present 
measurements gave evidence only of the high 
pressure transition, in the neighliorhood of 20,000 
This ran unusually sharply, and all the measure- 
ments on this substance were unusually good, 
the difference between readings with increasing 
and decreasing pressure being unusually small 
However, the volume change at the transition 
was now found considerably smaller than the 
previous value, 0 0874 against 0 102 The atmos- 
pheric density, calculated from the absolute 
position of the piston, was high, 1 04 against 1 52 
given in 1 C T It is perhaps not inconceivable 
that on the initial seasoning application of pres- 
sure a small amount of the absolutely unstable 
phase appeared and maintained itself This is 
consistent with a laiger than usual permanent 
change of volume after the seasoning application 
The present results show a 23 per cent drop of 
compressibility on passing through the transition 
from the low to the high pressure form 

No evidence for a transition of AgC'N was 
found in the present work Previously a sluggish 
transition with very small volume change, 0 001, 
was found in the neighborhood of 14,000 

The volume discontinuity previously found for 
Pblj was larger than that found now, 0 049 
against 0 039 The transition comes at such a 
low pressure that the change of compressibility 
on passing through the transition could not he 
established 

The former and the present transition parame- 
ters for Cujlj agree very closely , the pressures are 
indistinguishable and the olunie discontinuity 
was 0 0360 against 0 0303 now There is a 35 per 
cent increase of compressibility on passing 
through the transition to the high pressure phase 
The transition of thiourea lias been previously' 
studied, but only ut temperatures of 100° or 
above Extrapolated to 25° the former measure- 
ments would give 3,460 for the transition pressure 
and 0 0139 for the discontinuity of volume against 
3,540 and 0 0203 given above The transition 
pressure is too low to pprmit a determination of 
the relative compressibility' of the two phases 

Previous measurements on mtrourea disclosed 
no certain transition However, the pressure 
exploration was combined with high tempera- 
tures and it appeared that there were complex 


decomposition phenomena. It is probable that 
the transition was missed in the former work 
because of some irreversible transformation of 
the substance. In the present work a clean 
transition with 5 per cent volume change was 
found near 5,000 Any discontinuity of com- 
pressibility on passing through the transition is 
too small to be established 

In previous work on semicarbazide hydro- 
chloride the measurements were confined to 
temperatures of 75° or higher because the transi- 
tion was too sluggish at lower temperatures. In 
the present measurements at room temperature 
the transition was very sluggish, running at 
15,400 with increasing pressure and 3,540 with 
decreasing pressure Within these pressure limits 
the curves with increasing and decreasing pressure 
were parallel, indicating no appreciable difference 
of compressibility between the low and high pres- 
sure phases The mean transition pressure of the 
present work, 9,470, is markedly higher than the 
5,500 extrapolated from previous work. The 
extrapolated volume discontinuity is about ten 
times that given in the table. Comparison of 
measurements with so sluggish a transition is not 
significant 

The transition parameters obtained for quinone 
with the present apparatus are in much doubt, 
the transition limits being 4,000 kg/cm } wide. 
The former determinations were also in doubt, 
no determinations of volume discontinuity being 
attempted below 75° because of sluggishness of 
the transition The former volume discontinuity 
extrapolated is 0 0370 against 0 0091 found now 
Allowing maximum uncertainty to the extrapola- 
tion there would seem to he little doubt that the 
present volume discontinuity is too small. The 
present results give no sufficient evidence as to a 
discontinuity of compressibility at the transition 

Guanidine sulfate has three transitions below 
5,000 which run so sluggishly that a slow change 
of volume <ontinues for some time after pressure 
has been released and the apparatus disassembled 
No attempt was made to resolve these transi- 
tions, but reference is made to the previous work 
There is also a sluggish transition near 10,000 for 
which a volume discontinuity of 0 0059 was found 
in the present work against 0.0071 formerly It 
seems probable, although not certain, that there 
is a moderate increase of compressibility on 
passing to the high pressure form through the 
transition at 10,000. 

The transitions of d-camphor have been studied 
in two previous papers The phase diagram is 
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the most complicated of any substance yet 
investigated, there being probably eleven modifi- 
cations up to 35,000. A number of these are 
sluggish and run only at elevated temperatures. 
In the present work the complicated change 
which starts with modification II and ends with 
III, perhaps passing through IV and V as inter- 
mediate forms, was found to run at a mean pres- 
sure of 3,540 against 2,700 formerly The present 
over-all change of volume is 0 048 against 0053 
formerly The former work indicates by extra- 
polation that a transition from IlltoVIII should 
run at room temperature in the neighborhood of 
13,000. No evidence for this was found in the 
present work, the transition apparently- being 
totally suppressed by sluggishness at the low 
temperature. This means that the compression 
data given in the table above the transition 
pressure pertain to the modification III The 
data would indicate a drop of compressibility to 
nearly one half on passing from II to III 

Ammonium perborate has not been previously 
measured I owe it to the courtesy of Dr Hans 
Jaffe of the Brush Development Co It was 
provided in single crystal form, and had been 
produced as part of the war time program of 
investigation of all possible piezo-electric crystals 
My intention was to measure it in my program of 
linear compressibility measurements up to 30,000 
Discovery of transitions, however, made it im- 
possible to use for this purpose This substance 
in all probability has two transitions instead of 
the one shown m the table Below 5,000 there 
is probably a small transition with volume dis- 
continuity of the order of one seventh of that 
given in the table at higher pressures. Both 
transitions are sluggish. The volume discon- 
tinuity associated with the transition at 23,000 is 
probably too small and the compressibility im- 
mediately above the transition too high. The 
data as given in the table indicate a jump up of 
compressibility on passing to higher pressures 
through the transition, and an abnormally rapid 
dropping of the compressibility of the high pres- 
sure phase with increasing pressure. 

Potassium pentaborate, like ammonium pen- 
taborate, has not been previously measured. It 
was obtained from the same source, for the same 
purpose, and like it had to be discarded for meas- 
urement of the linear compressibility because of 
transitions. It also has two transitions, but 
inversely situated as compared with ammonium 
pentaborate. Here the larger transition is at 
the low pressure, and one with volume discon- 


tinuity only one seventh as large at the high 
pressure The sluggishness is not as great as for 
the ammonium salt. At the high pressure 
transition there is no appreciable discontinuity of 
compressibility There may be a slight upward 
jump in compressibility on passing to the high 
pressure form at 3,540, although this is not 
certain 

Dextrose sodium iodide I owe to the courtesy 
of Dr S O Morgan of the Bell Telephone 
Laboratories It was single crystal stock, des- 
tined for measurement of the linear compressi- 
bility in the 30,000 apparatus. Two transitions 
were found, lioth al>ove 30,000, so that it was 
possible to measure the linear compressibility 
over the entire range up to 30, (XX) in addition to 
the present measurements of volume compression 
to 40,000. Reference is made to a following 
paper for the details of the linear < ompressions 
in different directions The volume compression 
at 30,000 calculated from the linear compressions 
was 0 1183 against 0 1106 found now. 

The MgS0 4 7HaO I owe to the kindness of Mr 
George C Kennedey, who grew it from aqueous 
solution by the method of slowly • lowering 
temperature It was destined for measurements 
of the linear compression up to 30,000, but the 
discovery of the complicated system of transitions 
indicated in the table prevented measurements of 
linear compression above 10,000 At 10,000 the 
volume compression calculated from the linear 
compressions was 0 0408 aguinst 0 0445 given in 
the table It is probable that the lower value is 
more accurate, the present measurements being 
obscured by the sluggish transition 

Mucellaneowi Covipounds Compounds 1 to 8 
in Table VI were obtained from the Eastman 
Kodak Co., from their commercial stock Of 
these numbers 1 to 5 were tried because they have 
multiple carlmn bonds, and it was thought that 
there was some possibility that such compounds 
might suffer irreversible transitions at sufficiently 
high pressures similar to that found in CS2. 
None was found, however. I owe the suggestion 
of which compounds of this nature would be 
most feasible to try to Dr Linus Pauling. 

Compounds 9 to 25 were single crystal stock, 
destined to be used in the measurements of linear 
compression to 30,000 Full details about the 
origins of this material will be found in a paper to 
follow this Comment here is required on only 
two of these materials. N1SO4 6HjO has a very 
marked transition of the second kind in the 
direction perpendicular to the axis in the neigh- 
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borhood of 20,000, the compressibility increasing 
abruptly at this pressure The same anomaly 
is shown also by the volume measurements of 
Table VI, but quantitatively it is not nearly as 
large as would be demanded by the length 
measurements. It would appear that this anom- 
aly does not become fully developed when the 
stress is not truly hydrostatic The second 
material is benzil, which showed a complicated 
system of anomalies for the length measurements, 
but no trace of them in the volume measurements 
of Table VI. Again, part at least of the anomaly 
would seem to be suppressed by comparativeh 
light constraint 

Compound* with Ortho-, Meta-, and Para- Forms 
A study was made of a large number of compounds 
of this class to find whether there is any syste- 
matic variation in compressibility The com- 
pounds were selected from the catalogue of the 
Eastman Kodak Co , all the groups for which 
the three forms were listed and for which all 
three are solid under ordinary conditions The 
results are collected m Table VII There are a 
few groups for which only two forms are tabu- 
lated, in these groups three forms had been 
listed and ordeied but one of the forms proved 
to be out of stock The purity is that usual to 
chemicals of this nature, and is indicated in the 
catalogue In a few cases grades of “technical" 
or “practical” purity only were available, these 
are indicated in the following As furnishing 
some clue to the character of the material, the 
densities at atmospheric pressure and room tem- 
perature are also recorded in the table These 
densities were obtained incidentally in the course 
of the measurements from the weight and the 
absolute dimensions at atmospheric pressure of 
the charge when mounted in the piezometer 

The arrangement in the table is a sort of hybrid 
alphabetical arrangement, according to the most 
important part of the molecule. 

Of the compounds, o- and m- amino phenol 
were listed as “practical” grade, and m-phenylene 
diamine as “technical.” The m-ehloroacetani- 
lide was marked on the bottle “to contain 5 per 
cent of an aromatic amine”, the di-m-cresyl 
carbonate contained an appreciable quantity of 
some sort of moisture which squeezed out when 
the pellet for the piezometer was formed, and the 
tri-m-cresyl thiophosphate. contained so much 
visible moisture that it did not seem worth while 
to measure it. It should be noticed incidentally 
that the para form of the sodium-xylene-sulfo- 
nate is not similar in structure to the other two. 
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but contains one molecule of water of crystalliza- 
tion 

There is a great range in the mechanical proper- 
ties of these compounds, and these properties 
might well be studied for their own sake Most 
of the compounds form smooth and compact 
pellets when subjected to the preliminary pressure 
of the order of 15,000 kg/cm 2 , but there are a few 
exceptions in which the pellet is extremely friable 
and difficult to handle Notably in this class 
were the three sodiuin-xylene-sulfonates The 
pellet in these cases can be made coherent enough 
to get into the piezometer by greasing the mold 
in which it is formed with a minimum amount 
of a mixture of vaseline and colloidal graphite 
Sometimes merely rubbing the internal wall of the 
steel mold with graphite was sufficient 

In general the mechanical strength of these 
compounds is so low that one tan expect the 
effect of the initial configuration, whether as 
powder or flukes 01 granules, to vanish from the 
filial ineasiuements, which should give very 
closelj the tine cubic compression of single 
crystal material under hydrostatic 1 pressure 
Direct check was made of this foi o-chloio 
benzoic acid, which showed no significant differ- 
ence between a pellet formed by fusing and 
turning to shape and a pellet formed in the 
regular way by compression of the dry powder 

Certain features of the behavior of various of 
the substances require detailed comment There 
is an mcreuse of compressibility of about 30 per 
cent on pussmg through tiie transition of o-mtro- 
henzene from the low to the high pressure form 
Theie is an increase of compressibility of 65 per 
cent on pussmg from the low to the high pressure 
form of o-mtrochlorobenzene, and the compressi- 
bility of the latter form decreases abnormally 
rapidly with increasing pressure immediately 
above the transition point There is an enormous 
increase of compressibility on passing to the high 
pressure form at the low' pressure transition of 
p-amino-henzene sulfonic acid, the exact magni- 
tude of which is difficult to estimate becuuse of 
the low pressure runge of stability of the low form 
The second form drops rapidly 1 in compressibility 
with increasing pressure above the transition 
At the second transition the compressibility also 
jumps up on passing to the high pressure form 
This substance is one which exhibited extreme 
friability and friction in the formation of the 
pellet, there may well have been a connection 
with the low pressure transition. The transition 
listed for p-toluidine hydrochloride was unusually 


sluggish and ran perceptibly over a pressure 
range of 20,000 kg/em* with increasing pressure, 
and the reverse transition with decreasing pres- 
sure required an unusually long time for comple- 
tion at atmospheric pressure. The compressions 
in the first 20,000 kg/cm 2 cannot be expected to 
be very accurate, but may be exported to be 
obscured by transition effects The data given 
in the table for o-phenylene diamine hydro- 
chloride are smoothed so as to completely ignore 
a small initial episode at low pressures in some 
respects like a transition, but largely irreversible 
It is also to be noticed that the compressibility of 
this substance decreases linearly with pressure 
above 20,000, instead of at a continually retarded 
rate, as for most all other substances in the table 
Finally, m-phenylene-diannne was the only sub- 
stance which during compression exhibited any 
effects indicative of friction or failure of approxi- 
mate hydrostatic pressure This snapped twice 
audibly on increase of pressure, and at one point 
there was a slight discontinuity in piston displace- 
ment The behavior on release of pressure was 
normal This material is unusually glass-like 
and brittle 

In order to give a general idea of the nature of 
the results for these compounds, the compres- 
sions at the top pressure, 40,000, are plotted m 
Figure 1 for the different members of the various 
series of compounds, including in the compres- 
sions the transitions in the five eases m which 
they occur It is evident at a glance that there 
is no systematic effect of the o-, m-, p- structure 
on compression, although there are many in- 
stances where the differences of compression be- 
tween the different forms are large Statistically, 
the ortho form is the most compressible of the 
three in 0 cases, anil least compressible in 6, the 
ineta form is most compressible in 6 and least 
compressible in 8 cases, and the para form most 
compressible in 7 and least compressible in 8 
cases Considering the small number of exam- 
ples this distribution must be judged to be com- 
pletely random. The abnormally small com- 
pression of the meta forms of amino-benzoic acid 
and amino-benzene sulfonic acid is to be com- 
mented on In view of the very large variations 
in these two series it must be recognized that on 
occasion other factors than o-, in-, or p- position 
may be much more potent in determining com- 
pressibility It would be rewarding to make an 
X-ray analysis of these two ammo compounds to 
find whether there is anything unusual about the 
trystal structure 



40,000 
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Other things being equal, it is to be expected 
that the compressions in any single series of com- 
pounds will be m the inverse order of the densities 
at atmospheric pressure In order to see to what 
extent the density controls, I ha\ e compared the 
order of the inverse compressions with that of 
the atmospheric densities for all 22 series of 
compounds, and find the same order for the two 
properties in only 5 of the 22 instances This is 
hardly more than would be expected by pure 
chance, so that the conclusion may be drawn 
that the connection is not immediate and unique 
between density and compression There is 
however, a recognizable statistical connection 
If one plots the product of atmospheric density 
and relutive compression at 40,000 instead of 
merely relative compression at 40,000 in a dia- 
gram analogous to figure 1, it will be found thut 
the three points for any one series have an obvious 
tendency to bunch much more closelv than m 
figure 1 

It might perhaps be expected that at pressures 
as high us 40,000 any specific effects of sti ucture 
might tend to be wiped out, leaving outstanding 
the contribution to the compression of the atoms 
themselves In this case, one might expect some 
approach to an additive law of compression m 
terms of atomic constitution In order to facil- 
itate examination of this question the gross over- 
all atomic formulas of the various compounds 
have been given in Table VII. I have not, 
however, been able to find anv significant correla- 
tion, suggesting the conclusion that the intrinsic 
compressibility of the atoms entering into these 
compounds differs so little that any effect of them 
is obscured by other factors It might be men- 
tioned, however, that the two series differing onlj 
by the substitution of one halogen for another, 
namely the series 4, 5, 6 and 8, 9, 10 of the table, 
do show the same progression of values in the 
product of atmospheric density and compression 


at 40,000, a progression not shown by the com- 
pressions themselves The variation of the 
product within anj single series is, furthermore, 
comparatively minor 

The shape of the curves of volume decrement 
against pressure is in general the same for the 
three members of a series There are, however, 
several examples of crossing of the curves, which 
means a different variation of compressibility 
with pressure for the different forms, Among 
the most pronounced of these instances are 
in- and p- diphenj l benzene, o- and p- pheuv lene 
di amine, and o- and in- phenjlene diamine hydro- 
chloride The apparent example of o- and ui- 
dicresyl carbonate is uncertain, because of prob- 
able impuritj of the m- form, a perceptible 
amount of liquid having been squeezed out on 
formation of the pellet 
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Honolulu, T H 

44 Albert Charles Smith 
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21 

William Jackson Humphreys 
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34 Gilbert Morgan Smith 
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46 

Cornelius Searle Hurlbut, Jr 

Belmont 

45 Herman Augustus Spoehi 
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44 

Columbus O’Donnell Iselin 

Woods Hole 

23 Elvm Charles Stakman 

St Paul, Minn 

95 

Robert Tracy Jackson 

Peterborough, N. H 

38 Kenneth Vivian Thimann 

■ Cambridge 

02 

Thomas Augustus Jaggar 

Honolulu, T H 

31 Charles Alfred Weatherbv 

Cambridge 

10 

Alfred Church Lane 

Cambridge 

22 William Henry Weston, Ji 

Winchester 

25 

Esper Sigmus Larsen, Jr 

Belmont 

32 Ralph Hartley Wetmoie 
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15 

16 

Andrew Cowper Lawson 
Charles Kenneth Leith 

Berkeley, Cal 
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22 Nathan Banks 

Holliston 
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Donald Hamilton McLaughlin 

San Francisco, Cal 

33 Philip Raid 

Baltimore, Md 
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9 Francis Gano Benedict 

1 Henry Bryant Bigelow 

4 Robert Payne Bigelow 

5 Charles Henry Blake 
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4 Edward Allen Boyden 
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R John Wymond Miller Bunker 
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7 William John Cro/.ier 
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3 Alden Benjamin Dawson 
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4 Cyrus Hartwell Kiske 
ft Alexander Forbes 

4 John Fnrquhar Fulton 
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6 Fiedenck Lee Hisaw 
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6 Frederic 'Phomas Lewis 
4 Ralph Stayner Lillie 
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7 Richard Swann Lull 
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!1 Henry Augustus Pilsbrv 
19 Grcgoiy Pincus 
!7 Frederick Haven Pratt 
19 Herliert Wilbur Rand 
12 David Rapport 
!3 Mfreil Clarence Redficld 
14 Alfred Newton Richards 


Pasadena, Cal 
Muehiasport, Me 
Concord 
Brookline 
Lincoln 
Fairfield, Me 
Minneapolis, Minn 
Boston 

r Belmont 

Foxboro 
Berkeley, Cal 
Jamaica Plain 
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Pnnccton, N J 
Brunswick, Me 
Belmont 
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St Louis, Mo 
Belmont 
New York, N Y 
Igcwood Arsenal, Mil 
Berkeley, Cal 
Is-xington 
Milton 
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New Haven, Conn 
New York, N Y 
Belmont 
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Berkeley, Cal 
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Brookline 
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Cambridge 
New Haven, Conn 
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San Francisco, Cal 
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Bloomington, Ind 
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Woods Hole 
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33 Jeffries Wyman, Jr 
4ft Leland Clifton Wyman 
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7 Alfred Sherwood Romer 
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5 John Henry Welsh, Jr 
5 Arthur Wisswald Weysse 
ft George Bernays Wirfocki 


Cold Spring Harbor, N Y 


41 Fuller Albnght 
47 Arthur Wilburn Allen 

32 Joseph Charles Aub 

36 Oswald Theodore Avery 

29 James Bourne Ayer 

(28) 32 Franklin Greene Balch 

41 Walter Bauer 

47 David Lawrence Bolding 
31 George Blumer 

43 Arhe Vernon Bock 

36 Charles Sidnev Burwell 
31 William Bosworth Castle 

30 David Cheevcr 

13 Henry Asbury Christian 

42 William Irving Clark 

21 Rufus Cole 

31 Eugene Floyd DuBois 
16 John Franklin Enders 

15 James Morison Faulkner 

44 Maxwell Finland 

33 Reginald Fitz 

27 James Lawder Gamble 

22 Joseph Lincoln Goodale 

45 Thomas Halo Ham 

21 Ross Granville Harmon 
47 Sanford Burton llookoi 

27 Percy Rogers If owe 
38 Edgar Erskine Hume 

34 Henry Jackson, Jr 

16 Charles Alderson Janeway 
12 Elliott Proctor Joslin 

43 Chester Scott Keefer 

23 Roger frying Lee 

42 Samuel Albeit Levine 
29 Edwin Allen Locke 

28 Wai field Theobald Longcopc 

32 Fred Bates Lund 


Brookline 
Brookline 
Belmont 
New York, N Y 
Milton 
Boston 
Waban 
Boston 
San Manno, Cal 
Cambridge 
Brookline 
Brookline 
Boston 
Brookline 
Worcester 
Mount Kisco, N Y 
New York, N Y 
Boston 
Brookline 
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Brookline 
Brookline 
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Brookline 
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Belmont 
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Chestnut Hill 
Weston 
Boston 
Brookline 
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Wilton, N H 
Baltimore, Md 
Newton Center 
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Ann Arbor, Mich 
Belmont 
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Woburn 
Milton 
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34 I-eroy Matthew Simpson Miner 
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28 William Lorenzo Moss 
28 John Howard Mueller 
2ft Robert Bayley Osgood 
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27 Joseph Hersey Pratt 

35 Traev Jackson Putnam 
34 William Carter Quinby 
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39 William Thomas Salter 
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47 Richard Mason Smith 
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Newtonville 
Brookline 
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Boston 
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Brookline 
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Boston 
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30 Torald Hermann Sollmann 
47 Morrill Clary Bosnian 
14 Kichard Pearson Strong 
30 Futz Bradley Talbot 
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44 George Widmer Thorn 

14 Ernest Edward Tyzzer 
14 Fredenek Herman Verhoeff 

47 Shields Warren 
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40 Paul Dudley White 
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Chestnut Hill 
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36 Claude Raymond Brant h 
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38 Robert Gray Dodge 

31 Fred Tarliell Field 
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39 Herbert Funk Goodrich 
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38 Frank Washburn Grinnell 
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31 William DeWitt Mitchell 

31 Edmund Morns Morgan 
47 John Lord O’ Brian 

36 Henry Parkman, Jr 
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01 George Wharton Pepper 

1 1 Roscoe Pound 

36 Stanley Elroy Qua 

32 Francis Bowes Sayre 
21 Austin Wakeman Scott 
36 Sidney Post Simpson 
39 Thomas Walter Swan 

32 Edward Sampson Thurston 
43 Charles Edward Wyzanski. Jr 
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Ann Arbor, Mich 
Cumbndge 
Chicago, 111 
Providence, R I 
Philadelphia, Pa 
Boston 
Newton 
Ciinibntlge 
Philadelphia, Pa 
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Boston 
Belmont 
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New York, N Y 
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Washington, D C 
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Pasadena, Cal 
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New York, N Y 
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Washington, D C 
Boston 
New York, N Y 
Philadelphia, Pa 
Watertown 
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Cambridge 
Cambridge 
New York, N Y 
San Francisco, Cal 
Cambridge 
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36 Howard Landis Bevis 
33 Edwin Montefiore Borchard 
46 Harvey Hollister Bundy 
40 Robert Granville Caldwell 
32 William Richards Castle, Jr 


Columbus, O 
New Haven, Conn 
Bosotn 
Belmont 
Washington, D C 
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46 John Sloan Dickcv 
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34 Edgar Stephenson Furniss 
32 Joseph Clark Crew 
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41 Hajo Holborn 

27 Arthur Norman Holoombc 
32 Philip Cftrryl Jessup 
32 Charles Edward Merri.uu 

13 William Bennett Munro 

47 William Phillips 
41 Gaetano Salvenum 

46 Robert Burgess Stewart 
40 Thomas Head Thoinns 
44 Sarah Wambaugh 
17 Kiimnoi Welles 
43 Pavsou Sibley Wild Jr 

32 William Franklin Willoughbv 

14 George Grafton Wilson 
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33 Henry Aaron Yeomans 
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Hague, N Y 
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Washington, D O 
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New York, N Y 
Chicago, 111 
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Washington, 1) C 
Grafton, Vt 
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4 Arthur Ell Monroe 
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Cambridge 
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South Lincoln 
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34 Edwin Grmwold Nourse 

32 William Fielding Ogburn 

45 Talrott Parsons 
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17 FnU biles Hoelhlwbcigei 
37 Clyde Orval Haggles 

42 Paul Anthony Samuelson 

30 Thomas Henry Sanders 
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31 Pitinm Alexandrovich Sorokin 
41 Francis Trow Spaulding 

31 Oliver Mitchell Wentworth Spli 

46 Harold Walter Stoke 

34 Frederick John Teggart 

37 Harry Rudolph Tosdal 

31 Donald Skeele Tucker 
41 Robert Ulich 

33 Abbott Payson Usher 

34 Jacob Viner 

38 Tlhomas] North Whitehead 

32 John Henry Williams 
36 Joseph Henry Willits 
34 Ieo Wolman 

34 Carle Clark Zimmerman 


(26) 32 Charles Francis Adam 
46 Chester M Altei 
39 Chester Irving Barnard 
(25) 32 Charles Foster Batch) 


Washington, D C 
Chicago, 111 
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Ann Arbor, Mich 
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Cambridge 
Belmont 
Cambridge 
Cambridge 
Cambridge 
Winchester 
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igue Cambridge 
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Belmont 
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Cambridge 
Salem 
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Cambridge 
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New York, N \ 
New York, N \ 
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44 Adolf Augustus Berle Ji 

45 Edwin Sharp Bui dell 

41 Godfrey Lowell Cabot 
47 Thomas Dudley Cabot 
47 William Henry Clnflin, Ji 

43 Ada Louise Comstock (Mrs 

42 Donald Kirk David 

38 Edmund Ezra Day 

32 Henry Sturgis Dennison 

46 David Frank Edwards 
(28) 32 William Lusk Webster 

39 Ralph Edward Flanders 

38 Horace Sayford Ford 

44 Raymond Blaine Fosdick 

35 Jerome Davis Greene 

(28) 32 Edward Jackson Holm 
44 Ernest Martin Hopkins 
34 Henry Plimpton Kendall 
44 James Rhyne Killian, Jr 
82 Thomas William Lamont 

39 Morris Evans Leeds 
34 Clarence Cook Little 

47 Ralph Lowell 

36 Dumas Malone 
42 Daniel L Marsh 


Peterborough, N H 
New York, N \ 
New York. N \ 
Boston 
Weston 
Belmont 

Wallace N'otestein), 
New Haven Conn 
Boston 
Ithaca, N Y 
Framingham 
Cambridge 
kield Milton 

Springfield, Vt 
Belmont 
New York, N Y 
Cambridge 
i>s Topnfield 

Hanover, N H 
Sharon 
Wellesley Hills 
New York, N Y 
Philadelphia, Pa 
Bar Harbor, Me 


45 Keyes DeWitt Metcalf 

45 Henry Allen Moe 
02 Herbert Putnam 
44 Beardsley Ruinl 

34 Erwin Haskell Schell 

38 Charles 8eymoiir 

35 Henry Lee Shattuck 

37 Henry South worth Shaw 
(28) 32 Payson Smith 

46 Huntley Nowell Spaulding 
33 Albert Warren Steams 

(24) 32 Edwin Sibley Webster 
44 Charles Edward Wilson 

41 Laurence loathe Winship 

(25) 32 Benjamin Lonng Young 

39 Owen D Young 


Section I Theology, Philosophy, 
32 Michael Joseph Ahei n 

32 James Rowland Angell 

33 John Gilbert Beebe-Centei 
38 Julius Seelye Bixler 

46 Brand Blanshaid 

24 Edwin Garngues Boring 
28 Edgar Sheffield Bnghtmau 

31 Henry Addington Brui e 

32 Leonard Carmichael 

36 Robert Pierce Cases 

33 Curt John Duiasse 
43 Angus Dun 

38 James Everett Frame 

37 Clarence Henry Graham 

45 Edwin Ray Guthne 

30 William Henry Paine Hatch 
32 William Healy 

35 Clark Leonard Hull 

28 Albert Cornelius Knudson 
32 Karl Spencer Lashlcy 

29 Clarence Irving I^ewis 
42 Richard Peter McKeon 

35 Henry Alexander Murray, Ji 

47 Norman Huidett Nash 

32 Arthui Darby Nook 

28 Johnson O’Connor 

17 Charles Edwards Park 

33 Carroll Cornelius Pratt 

31 Henry Knox Sherrill 

27 Willard Learoyd Sperrv 

29 Russell Henry Stafford 

46 Stanley Smith Stevens . 

45 Charles Lincoln Tayloi, b 

34 Lewis Madison Terman 

34 Edward Lee Thorndike 
37 Isnns I ,eon Thurstone 

28 Henry Bradford Washburn 
17 John Broadus Watson 

33 Frederic Lyman Wells 

35 Robert Sessions Woodworth 
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New York, N. Y 
Washington, D C 
New York, N. Y. 
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New Haven, Conn 
Boston 
Melrose 
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Brookline 
New York, N Y 
South Sudbury 
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New Haven, Conn 
Cambridge 
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Washington, D C 
Princeton, N J 
New York, N Y 
Seattle, Wash 
Cambridge 
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Chicago, 111 
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41 Warren Ortman Ault 

28 James Phinney Baxter, 3d 
47 Ruth P'ulton Benedict 
27 Robert Pierpont Blake 

46 Clarence Saunders Brigham 
39 Crane Brinton 

(25) 32 William Brooks Cabot 

42 Henry Joel Cadbury 

34 Clarence Gordon Campbell 

43 Carleton Stevens Coon 

44 William Bell Dinsmoor 
38 Claude Moore Fuesa 

43 Hugh O’Neill Hencken 

14 Bert Hodge Hill 

27 Earnest Albert Hooton 

33 Halford Lancaster Hoskins 

47 Wilbur Kitchener Joidan 

44 Clyde Kay Maben Kluckhohn 
12 Alfred Louis Kroebci 

44 Ambrose Lansing 
32 Waldo Gifford Leland 
41 William E Lingelbach 
38 Stewart Mitchell 

15 Samuel Eliot Monson 

46 Otto Eduard Neugcbauei 

34 Robert Henry Pfeiffer 
34 David Moore Robinson 

23 Michael Ivanovich Rostovtxeff 
27 George Sarton 

38 Bernadotte Everly Schmitt 
36 Donald Scott 

26 Herbert Joseph Spindcn 
32 Charles Holt Taylor 
11 Alfred Marston Tossei 

39 Henry Bouse Viets 
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Williamstown 
New York, N Y 
Cambridge 
Worcester 
Cambridge 
Boston 
Cambridge 
New York, N Y 
Cambridge 
New York, N Y 
Andover 
Chestnut Hill 
Athens, Greece 
Cambridge 
Washington, D C 
Cambridge 
Cambridge 
Berkeley, Cal 
New York, N Y 
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Boston 
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Cambridge 
Baltimore, Md 
New Haven, Conn 
Cambridge 
Chicago, 111 
Cambridge 
Brooklyn, N Y 
Cambridge 
Cambridge 
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33 William Nickerson Bates 
35 Charles Henry Beeson 

33 Campbell Bonner 

25 Robert Johnson Bonner 
41 Giuseppe Antonio Borgese 
21 Carl Darling Buck 
18 Edward Capps 
20 Walter Eugene Clark 
46 George Raleigh Coffman 
32 Ronald Salmon Crane 
32 Morris William Croll 
44 Henry Grattan Doyle 
20 Franklin Edgerton 
40 Serge Eliss4eff 
14 Jeremiah Denis Mathias Ford 
16 Louis Herbert Gray 
25 William Chase Greene 
13 Charles Burton Gulick 

34 Austin Morris Hannon 
31 Raymond Dexter Havens 
18 George Lincoln Hendnckson 
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Chicago, 111 
Ann Arbor, Mich 
Chicago, 111 
Chicago, 111 
Chicago, III 
Pnnceton, N J 
Cambridge 
Chapel Hill, N C 
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Princeton, N J 
Washington, D C 
New Haven, Conn 
Cambndge 
Cambridge 
New York, N Y 
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New Haven, Conn 
Baltimore, Md 
New Haven, Conn 


17 

40 

32 

34 
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35 
28 

32 

33 
32 
11 

38 
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35 
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43 

45 
45 

39 
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30 
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Roland Grubb Kent 
Hans Kurath 

Henry Carrington Lancaster 
Ivan Mortimer Linforth 
Elias Avery Lowe 
Benjamin Dean Mentt 
William Albert Nitre 
George Rapall Noyes 
Howard Rollin Patch 
Arthur Stanley Pease 
Fred Noma Robinson 
Hyder Edward Rollins 
Robert Kilburn Root 
Henry Arthur Sanders 
Rudolph Schevill 
Jean Joseph Seznec 
George Wiley Sherburn 
Taylor Starck 
John Strong Perry Tatlock 
William Thomson 
Charles Cutler Torrey 
William Freeman Twaddell 
Ernest Hatch Wilkins 
Harry Austryn Wolfson 
William Hoyt Worrell 


Cambridge 
Watertown 
Ann Arbor, Mich 
Wynnewood, Pa 
Ann Arbor, Mich 
Baltimore, Md 
Berkeley, Cal 
Pnnreton, N J 
Princeton, N J 
I ,os Angeles, Cal 
Berkeley, Cal 
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Cambridge 
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43 Leonard Bacon 

Peuie Dale, R I 

26 Frank Weston Benson 

Salem 

32 (William) Welles Bosworth 

Louiht Valley, N Y 

47 Richaid Burgin 

Biookline 

42 John Nash Douglas Bush 

Cambridge 

33 John Alden Carpenter 

Chicago, 111 

45 Samuel Chamberlain 

Mai blehead 

32 Chalmers Dancy Clifton 

New York, N Y 

32 Kenneth John Conant 

Cambridge 

46 William George Constable 

Cambridge 

34 Samuel Foster Damon 

Providence, R I. 

47 John lloderigo Dos Paasos 

Plovimetown 

32 George Harold Edgell 

Cambridge 

21 William Emerson 

Cambridge 

30 John Erskine 

New York, N Y. 

18 Edward Waldo Forbes 

Cambridge 

31 Robert Frost 

South Shaftsbury, Vt 

27 Wallace Goodrich 

Manchester 

44 Walter Gropius 

Lincoln 

31 Robert SUliman Ilillyer 

Old Greenwich, Conn 

27 Charles Hopkinson 

"Manchester 

12 Mark Antony DeWolfe Howe Boston 

38 Joseph Hudnut 

Cambr.dge 

18 Archer Milton Huntington 

New York, N Y 

45 William Alexander Jackson 

Cambndge 

38 Howard Mumford Jones 

Cambridge 

42 Otto Kinkeldey 

Ithaca, N Y 

47 Milton Edward Lord 

Boston 

21 Charles Donagh Maginms 

Brookline 
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31 Paul Manship New York, N Y 

31 Daniel Gregory Mason New York, N Y 
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44 Charles Rufus Morey Princeton, N J 

47 Lewis Mumford Amenu, N Y 

31 Kenneth Ballard Murdock Boston 

(24) 32 Anthony John Philpott Arlington 

41 Walter llamor Piston, Jr Belmont 

21 Chandler Rathfon Post Cambridge 
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14 Ellery Sedgwick Boston 

19 Henry Dwight Scdgwu k Dedham 

33 David Stanley Smith Wood bridge, Conn 

39 Francis Henry Tayloi New Yoik, N Y 

43 Randall Thompson Pnnceton, N J 

44 Karl Victor Cambridge 
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39 Karl Ephraim Weston Willmmstown 

44 Herbeit Euatis Winluck New York, N Y 

22 Charles Henry Conrad Wright Cambridge 

46 William Wilson Wurster Cninbndge 
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CLASS 1— Mathematical and Physical Suenc es— 5 
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15 l 1 rank Lauren Hitchcock Belmont 

1 121 44 Frederick Slienstonc Woods Newton Center 

Class I, Smi ion III 1 

14 Samuel Cate Prescott Brookline 

Class 1, Si ri ion IV 2 

23 William Hovgaard Brooklyn, N '1 

30 George Edmond Russell IxMiigton 

CLASS II— Natural ani> Physioeooical Sconces 7 

Class 11, Smtion I- I 

09 Reginuld Aldworth Daly Cninbndge 

103] 44 Charles Palache Cambridge 

17 Percy Edward Raymond Lexington 

11 Hervej Woodburn Shiiuii Hmgham 

Class II, Si ( nos 11 - 1 

29 Joseph Horace Fnull Cambridge 


Class II, Section III— 1 

15 Charles Thomas Brues Newtonville 

Class II, Section IV — 1 

15 Reid Hunt Boston 
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Class III, Section I — 1 

(28) 32 Edmund Allen Whitman Cambridge 

Class III, Section II — 1 

31 Sidney Bradshaw Fay Cambridge 

Class HI, Section III, — 2 

32 William James Cunningham Cambridge 
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Class III, Section IV — 1 

36 Clair Elsmere Turner Arlington 

CLASS IV -Tiie Humaniiies- 40 
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28 Walter Fcnno Deal born Cambridge 

21 William Ernest Hocking Madison, N H 

Class IV, Section II- -5 

12 George Henry Chase Cambridge 

21 William Scott Ferguson Cambridge 

.13 Henry Thatcher Fowler Harmony, R I 

22 George La Piana Wellesley 

20 Charles Howard Mellwmn Princeton, N J 

Class IV, Section 111-’. 

30 James Geddes, Ji Brookline 

38 Richmoud Launn Hawkins Cambridge 

32 Ernest Felix Langley Cambndge 

44 La Rue Van Hook New York, N. Y. 

33 George Benson Weston Cambridge 

Class IV, Section IV — 4 

29 Charles Townsend Copeland Cambridge 

41 Archibald Thompson Davwon Lincoln 

29 Edward Burlingame Hill Francestown, N H 
{35] 44 Walter Raymond Spalding Cambndge 
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39 Arnaud Denjoy Paris 

34 Ronald Aylmer Fisher Cambridge, Knglaud 

Jacques Salomon Hadainard Paris 

Ejnar Ifertzspiung Leiden 

Sir Harold Spencer Jones Greenwich 

Bertil Limlblad Stockholm 

47 Edward Arthm Milne Oxfoid 

40 Jan lietuhik Ooit leiden 

47 Meghnad N Saha Calcutta 

47 (I A Shajn Simeis, IT 8 S R 

15 Charles Jean de la Vallee Poussin Louvain 

29 Hennanii Weyl Princeton, N J 


Clash I, Sfction II — Physics- 6 
29 Vilhelm Eiimann Korea Bjciknes Oslo 

45 Niels Bohr Copenhagen 

24 Albeit Einstein Princeton, N J 

29 James Franck Chicago, 111 

29 Abram F Joffe Leningrad 

47 Sir George Paget Thomson London 
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29 Johannes N Blousteil 
27 Fetor Debye 
33 Jaioslav Heyrovsky 
33 Fritz Paneth 
38 lajopold Kuzicka 
38 Nevil Vincent Sidgwuk 
29 lleinnch Wieland 


('openhagen 
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Durham 
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Oxford 
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36 Edward Victor Appleton 
46 Clarence Decatur Howe 
34 Luigi Lombardi 
29 Ludwig Prandtl 
29 Emil Probst 
31 Karl Willy Wagner 
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Ottawa 

Rome 

Gdttingen 

Oxford 
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29 L4on William Collet 
34 Arthur Holmes 
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17 Wong Wen-hao 


Geneva 
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Chapter I 

The Aoademi and Its Corpora i e Seal 

Article 1 The Ameticau Academy of Arts 
and Sciences is a body politic and roi potato 
by the same name, lorevei , established by the 
Council and House of Hepresentatives in (Ion- 
oral Court of the Province of Massaehusetts 
Bay as recorded in ( 'hap 4(> of the Acts of 1 779 

Article 2. As enacted above, the stated 
end and design of the institution of the said 
academy is to promote and encourage the 
knowledge of the antiquities of America, and 
of the natural history of the country, and to 
determine the uses to which the vanous natu- 
ral productions of the country may be applied, 
to promote and encourage medical discoveries, 
mathematical disquisitions, philosophical en- 
quiries and experiments, astronomical, mete- 
orological and geographical observations, and 
improvements in agriculture, arts, manufac- 
ture and commerce; and, m fine, to cultivate 
every art and scienre which may tend to ad- 
vance the interest, honor, dignity and happi- 
ness of a free, independent and virtuous people. 

Article 3. The Corporate Seal of the 
Academy shall be as here depicted. 



Article 1 The Hecietaiv shall have the 
custody ot the Coiporate Seal 
See Chap v, ill t 3 chap vi, .tt I l 

C1IAPTEH TI 
Membership and Di is 
Article 1 The Academy shall consist oi 
Fellows, elected fiom the citizens oi icsidents 
of the United States ot America, Fellows 
Emeriti, and Foreign Honorary Members 
They arc arranged in four Classes, accoiding 
to the Arts and Sciences in which they aie 
severally proficient, and each Class shall be 
divided into four Sections, namely 

Class I The Mathematical anil I’hi/sual 
Sciences 

Section 1. Mathematics and Astionomv 

Section 2 Physics 

Section 3 Chemistry 

Section I Technologi and Engineering 

Class II. The Nalioal and l J h>/siologiral 
Sciences 

Section 1. Geology, Mineialogy, and Phys- 
ics of the Globe 
Section 2. Botany 
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Section 3 Zoology and Physiology 
Section 4 Medicine and Surgery 

Class III. The Social Arts 
Section 1. Jurisprudence 
Section 2. Government, International Law, 
and Diplomacy 

Section 3. Economics and Sociology 
Section 4 Administration and Affairs 

Class IV The Humanities 
Section 1. Theology, Philosophy, and Psy- 
chology 

Section 2. History, Archaeology, and An- 
thropology 
Section 3. Philology 

Section 4. The Fine Arts and Belles Lettres 

Article 2 The number of Fellows shall 
not exceed One thousand, of whom not more 
than Eight hundred shall be residents of Mas- 
sachusetts, nor shall there bo more than Two 
hundred and seventy-five m any one Class 
Any Fellow of the Academy on retiring from 
his academic or other regular duties may, if he 
so requests in writing, and with the approval 
of the Council, be transferred to the status of 
Fellow Emeritus. 

Fellows Emeriti shall be exempt from pay- 
ment of dues. They may not hold elective 
office m the Academy, nor serve on Standing 
Committees, nor vote at meetings, but shall 
have all the other privileges of Fellowship. 

Fellows Emeriti shall be separately classified 
and shall be outside the statutory limit set on 
the total number of Fellows and the number 
in a given Class. 

See Chap ix, art 3, chap x, arf 1 

Article 3 The number of Foreign Honor- 
ary Members shall not exceed One hundred 
and fifty. They shall be chosen from citizens 
of foreign countries most eminent for their dis- 
coveries and attainments in any of the Classes 
above enumerated. There shall be not more 
than Forty-five in any one Class 

Article 4 Diplomas signed by the Presi- 
dent and the Vice-President of the Class to 


which the member belongs, and countersigned 
by the Secretary, shall be given to Fellows and 
Foreign Honorary Members. 

Article 5. If any person, after being noti- 
fied of his election as Fellow or Foreign Hon- 
orary Member, shall neglect for six months to 
accept in writing, his election shall be void. 

Article 6 Every Fellow resident within 
fifty miles of Boston hereafter elected shall 
pay an Admission Fee of Ten Dollars: if he 
shall neglect to pay this Fee within six months 
of the date of his election, his election shall be- 
come void 

Every Fellow resident within fifty miles of 
Boston shall pay such Annual Dues, not ex- 
ceeding Fifteen dollars, as Bhall be voted by 
the Academy at each Annual Meeting, at 
which time they shall become due. 

Every Fellow residing more than fifty miles 
from Boston elected after 1938 shall pay, and 
other non-resident Fellows may pay, Annual 
Dues equal to one-half the amount spt for 
resident Fellows at each Annual Meeting and 
due on the same date. 

Any Fellow shall be exempt from further 
payment of Annual Dues who has paid such 
dues for forty years, or having attained the age 
of seventy-five, has paid dues for twenty-five 
years 

Any Fellow may also be exempt from 
further payment of annual dues upon payment 
into the treasury of the Academy the sum of 
Two hundred dollars in addition to his pre- 
vious payments 

Any Fellow not previously subject to An- 
nual Dues who takes up his residence within 
fifty miles of Boston, shall pay to the Treas- 
urer, within three months thereafter, Annual 
Dues for the current year, and if he shall 
neglect to make this payment within the 
specified time, after having been notified by 
the Treasurer of 'the requirements of this 
Article of the Statutes, he shall cease to be a 
Fellow 

Article 7 Any Fellow, resident or non- 
resident, who shall neglect to pay his Annual 
Dues for six months after they are due and 
who ignores notification by the Treasurer of 
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the requirements of this Article of the Statutes 
shall cease to be a Fellow. 

Article 8. Only Fellows who pay Annual 
Dues or have commuted them may hold 
elective office in the Academy or serve on 
Standing Committees or vote at meetings 

Article 9 Upon petition of any Fellow, 
the Council may by a majority vote suspend 
the application of any penalties hereinabove 
prescribed in this chapter for an additional 
period of time not longer than three months. 

Article 10 If, in the opinion of a ma- 
jority of the entire Council, any Fellow oi 
Foreign Honorary Member shall have ren- 
dered himself unworthy of a place in the 
Academy, the Council shall recommend to the 
Academy the termination of his membership, 
and if three-fourths of the Fellows present out 
of a total attendance of not less than fifty at a 
Stated Meeting, or at a Special Meeting called 
for the purpose, shall adopt this recommenda- 
tion, his name shall be stricken from the Roll 

See Chap in, chap vi, art 5 and 6, chap x, art 1 

CHAPTER III 

Nomination and Election of Fellows 
ano Foreion Honorary Members 

The procedure for nomination and election 
of Fellows and Foreign Honorary Members 
shall be as follows • 

Article 1 . Nominations may be made at 
any time by any two Fellows in writing on 
forms to be provided by the Secretary and 
shall be referred by him to the Committee on 
Membership. 

The Committee on Membership shall meet 
following the stated meetings of the Academy 
in May, November, February and March, and 
at such other times as it may determine, to 
appraise nominations received by it from the 
Fellows from time to time, to originate fur- 
ther nominations, and to approve as candi- 
dates for election those receivmg the favorable 
vote of two-thirds of the Committee members 
present in any meeting attended by not less 
than five of its members. 

Immediately following its meeting in Febru- 
ary, the Committee shall cause to be sent to 


every Fellow a list of nominees, with bio- 
graphical and professional data thereon, to- 
gether with names of nominators, for ap- 
praisal, expression of preference, or other 
comment by the Fellows. 

The Committee, at its March meeting, shall 
review all nominations, together with com- 
ments by the Fellows thereon, and shall com- 
pile a list of approved candidates for the an- 
nual election of Fellows and Foreign Honorary 
Members. It shall present this list together 
with data pertaining thereto to the Council 
not later than at the stated meeting of the 
Council in April. 

The Council, by vote of the majority of 
members present at a meeting, shall make final 
nominations from the list of approved persons 
recommended by the Committee on Member- 
ship for election by the Fellows 

Article 2 Election of Fellows and Foreign 
Honorary Members shall be made by a ma- 
jority of the Fellows present at the Annual 
Meeting m May, from the nominations 
presented at that meeting by the Council. 

Article 3 Each Fellow or Foreign Honor- 
ary Member shall be notified in writing by the 
•Secretary immediately following his election. 

See Chap 11, chap \n, art 5, chap art l,chap xi, 
art 1 (u) 

CHAPTER IV 
Officers 

Article I The Officers of the Academy 
shall be a President (who shall be Chairman 
of the Council), four Vice-Presidents (one 
from each Class), a Secretary (who shall be 
Secretary of the Council), a Treasurer, a Li- 
brarian, and an Editor, all of whom shall be 
elected by ballot at the Annual Meeting, and 
shall take office at the close of that meeting, 
and shall hold their respective offices for one 
year, and until others are duly chosen and 
take office. 

There shall be also sixteen Councillors, one 
from each Section of each Class At each An- 
nual Meeting four Councillors, one from each 
Class, shall be elected by ballot to serve for a 
term of four years, and they shall take office at 
the close of that meeting, and shall hold office 
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until others are duly chosen and take office. 
The same Fellows shall not be eligible for two 
successive terms. 

The Councillors, with the officers previously 
named, and the Chairmen of the Standing 
Committees, cas offiens, shall constitute the 
Council. 

See Chap xi, art 1 

Article 2. 11 any officer be unable, through 
death, absence, or disability, to fulfill the 
duties of his office, or if he shall resign, his 
place may be filled by the Council m its discre- 
tion foi any part or the whole of the unexpired 
term. 

Article 3. At the Stated Meeting in 
March, the President, shall appoint a Nomi- 
nating ( ommittee of foui Fellows having the 
light to vote, one fiom each Class This Com- 
mittee shall prepare a list of nominees for the 
several offices to be filled, and foi the Standing 
Committees, and file it with the Secretary not 
later than foui weeks befoie the Annual 
Meeting 

Article 4 Independent nominations lor 
any office, it signed by at least twenty Fellows 
having the right to vote, and received by the 
Secretary not less than ten days before the 
Annual Meeting, shall lie included in the 
election procedure 

Article 5 The Seeretaiy shall prepaie for 
use in voting at the Annual Meeting a ballot 
containing the names of all persons duly 
nominated for office 

CHAPTER V 
The President 

Article 1 The President, oi in his ab- 
sence a Vice-President, shall preside at meet- 
ings of the Academy 

See Chap, vi, art 3 

Article 2. The President shall be the ehief 
executive officer of the Academy He shall 
present to the Council for its consideration all 
matters pertinent to the interests of the 
Academy and to the discharge of its obliga- 
tions to the community or to the advancement 
of scholarship. 


Article 3. Any deed or writing to which 
the Corporate Seal is to be affixed, except 
leases of real estate, shall be executed in the 
name of the Academy by the President or in 
the event of his death, absence, or inability, by 
one of the Vice-Presidents, when thereto duly 
authorized by the Council. 

Article 4. In case ol incapacity of the 
Ptesident, the Council shall designate a Vice- 
President to carry out the duties of the office 

See Chap n, art 4, chap iv, art 1, 3, chap vi, art. 3, 
chap vni, art 4, chap x, art 3, chap, xi, art 1 (li), 
(ill), (x), chap, xu, art 1 

CHAPTER VI 
The Secretary 

Article 1 The Secretary shall provide for 
the custody of the Charter, Corporate Seal, 
Statute Book, Journals of the Academy, and 
other Archives 

Article 2 He shall be responsible for the 
correspondence of the Academy and of the 
Council. At each meeting of the Council he 
shall present any important communications 
addressed to the Academy which have been 
leceived since the previous meeting, and at the 
next meeting ot the Academy he shall present 
such matters as the Council may determine 

Article 3 He shall attend the meetings oi 
the Academy and the Council and shall ar- 
range foi the keeping of a faithful record of 
the attendance and of the proceedings. In the 
absence of the President Rnd of all the Vice- 
Presidents, he shall call the meeting to order 
and pieside until a chairman is chosen by 
majority vote of the Fellows present 

Article 4 He shall apprise officers and 
committees ol then election or appointment, 
and infoim the Treasurer and the Chairman 
ot each Standing ( 'ommittee of appropriations 
ot money voted by the Academy. 

Article 5. He shall notify all persons who 
may be elected Fellows or Foreign Honoraiy 
Members, send to each a copy of the Statutes, 
and on their acceptance issue the proper 
Diploma After all elections, he shall insert 
in the Records the names of the Fellows by 
whom the successful nominees were proposed. 



Article 6. lie shall keep and cause to l>e 
printed annually a list of the Fellows and For- 
eign Honorary Members, arranged in then 
several Classes and Sections, and a list of Fel- 
lows and Foreign Honorary Members of whose 
deaths he has been informed. 

Article 7. He shall arrange for the preser- 
vation of records of the death of Fellows and 
Foreign Honorary members and biographical 
notices published on the occasion of their 
death, or at other times. 

See Chap l, art. 2; chap », art 4, chap in, chap iv, 
art 1,3, 4, 5, chap ix, art 3, chap xi, art l(iii),2, 
chap xii, art 1,3. 

CHAPTER VII 

The Treasurer and the Treasure 

Article 1. The Treasurer shall collect all 
money due or payable to the Academy and all 
gifts or bequests made to it. He shall pay all 
bills due and payable by the Academy when 
approved by the proper officers He shall sign 
all leases of real estate in the name of the 
Academy. He shall be the official custodian of 
all bonds, stocks and other securities and, with 
the written approval of any one member of the 
Committee on Finance, he shall have lull au- 
thority to sell and transfer, invest and reinvest 
from time to time in such manner and upon 
such terms as shall to him seem best, the whole 
or any part of the personal property of the 
said Academy. 

He shall keep a faithful account of all re- 
ceipts and expenditures, submit his accounts 
annually to the Auditing Committee, and 
render them at the expiration of his term of 
office, or whenever required to do so by the 
Academy or the Council 

He shall keep separate accounts of the in- 
come of the Rumford Fund, and of all other 
special Funds, and of the Appropriation 
thereof, and render them annually. 

He shall fund all payments received in com- 
mutation of Dues, their income only, to be 
applied toward current expenditures. 

His accounts shall always be open to the 
inspection of the Council. 

Article 2. He shall report annually to the 
Council at its March meeting on the expected 


income of the various Funds and from all other 
sources, together with appropriations needed 
by Officers and Standing Committees for the 
ensuing fiscal year, lie shall also report the 
names of all Fellows who may be then delin- 
quent in the payment of then Annual Dues 

Article 3 He shall give such security foi 
the trust reposed m him as the Academy mav 
require. 

Article 1 With the approval of a majority 
of the Committee on Finance, he may appoint 
an Assistant Treasurer to perfoim his duties, 
for whoso acts, as such assistant, he shall be 
responsible, oi, with like approval and respon- 
sibility, he may employ any Trust Company 
doing business m Boston as his agent for the 
same purpose, the compensation of such As- 
sistant Treasurer or agent to bo fixed by the 
Committee on Finance and paid ftom the 
Funds of the Academy. 

Article 5 At the Annual Meeting he shall 
report in print all his official doings for the 
preceding year, stating the amount and condi- 
tion of all the pioperty of the Academv en- 
tiusted to him, and the character of the 
investments 

Article 0 The Financial Year of the 
Academy shall begin with the first day of Api il 

Article 7 No person or committee shall 
mcui any debt or liability in thp name of the 
Academy, unless in accordance with a pre- 
vious vote and appropriation therefor by the 
Academy or the Council, or sell or otherwise 
dispose of any property of the Academy, 
except cash or invested funds, without pie- 
vious consent and approval of the Council 

See Chap n, art 2, 8, 7, 8, rhap, iv, ait 1, rhap VI, 
art 4, chap ix, art f>, chap xi, art 1 (l), (iv), (v), 
art 2, chap xii, art 1 

CHAPTER VIII 
The Librarian and tiie Library 

Article 1. The Librarian shall have chaige 
of the Library and keep a correct catalog of it 

Article 2. The Librauan shall have 
authority to expend such sums as may be 
appropriated by the Academy for the pur- 
chase, repair, or maintenance of books, 
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periodicals, etc., and for defraying other neces- 
sary expenses connected with the Library. 

Article 3 All books procured from the 
income of the Rumford Fund or other special 
funds shall contain a bookplate expressing 
the fact. 

Article 4. The Librarian shall have the 
custody of the publications of the Academy 
With the advice and consent of the President, 
he may effect exchanges with other associations 
See Chap, iv, art 1 , chap xi 

CHAPTER IX 

The Editor and the Publications 

Article 1 The Editor shall have charge of 
the conduct through the piess of the publica- 
tions of the Academy Together with the 
Committee on Publications he shall determine 
the contents of the publications 

Article 2. The publications ot the 
Academy shall be as follows . 

( 1 ) The Proceedings shall be published at 
least semi-annually as soon as may be possible 
after the Annual May Meeting, and the stated 
December meeting next following, and shall 
contain a record ot each stated or special meet- 
ing of the Academy They shall be known 
respectively as the Summer and Winter 
number of the Proceedings 

The Summer number of the Proceedings 
shall include reports of the officers and stand- 
ing committees for the preceding year, a list 
of the officers, councillors and members of 
standing committees elected at the preceding 
Annual Meeting, and such other mattoi as 
the Publication Committee may approve 
The Winter number of the Proceedings shall 
include a current list, of officers, councillors, 
standing committees, Fellows and Foreign 
Honorary Members, the Statutes of the Acad- 
emy, the Act of Incorporation of 1780 and its 
amendments, and such biographical notices or 
other matter as the Committee on Publica- 
tions may approve 

In the discretion of the Committee on Pub- 
lication, interim numbers of the Proceedings 
may be issued for the publication of accepted 
serial papers or other scholarly material. 


(n) Memoirs, monographs and volumes of 
collected papers may be published from time 
to time. 

(iii) The Bulletin of the American Acad- 
emy of Arts and Sciences shall be published 
eight times each year preceding the stated 
meetings, containing notices of such meetings, 
communications from the council or officers, 
and such other matter as may be of timely 
interest to the Fellows 

Article 3 A copy of the Summer and 
Winter numbers of the Proceedings shall be 
mailed to each Fellow, Fellow Emeritus, and 
Foreign Honorary Member 

A copy of the Bulletin shall be mailed to 
each Fellow and Fellow Emeritus. 

A copy of any Interim number of the Pro- 
ceedings shall be mailed only to those Fellows, 
Fellows Emeriti, and Foreign Honorary Mem- 
bers, who shall make written request to the 
Secretary for that number. 

Article 4 Fellow's who pay or have com- 
muted the Annual Dues, Fellows Emeriti, and 
Foreign Honorary Members shall be entitled, 
upon written request to the Librarian, to 
receive gratis one copy of each number of 
Proceedings, memoirs, monographs or series 
of collected papers, published by the Acad- 
emy, which have been issued after their 
election, and are available. 

Article 5 Not more than Two hundred 
extra copies of each paper printed m the Pro- 
ceedings shall be placed at the disposal of the 
author without charge 

Article 0 The Editor shall have the au- 
thority to expend for printing and other ex- 
penses of publication such sums as may be 
appiopnated by the Academy for such pur- 
poses, also such sums as may be made avail- 
able to him by the Council from any source 
lor particular publications under the sponsor- 
ship of the Academy 

See Chap »v, art, 1 , chap xi, art. 1 (vi) 

CHAPTER X 
The Council 

Article 1 . The Council shall exercise gen- 
eral supervision over all affairs of the Academy 
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not explicitly reserved to the Academy as a 
whole. 

It shall consider all nominations of Fellows 
and Foreign Honorary members duly sent to 
it by the Committee on Membership, and act 
upon them in accordance with the provisions 
of Chapter III. 

With the consent of the person concerned it 
shall have power to present to the Academy a 
proposal to transfer in respect to status, Class, 
or Section. 

Article 2. Nine members shall constitute 
a quorum,* 

Article 3 It shall act upon all resignations 
and forfeitures of membership in the Academy. 

It shall appoint all agents and subordinates 
not otherwise provided for by the Statutes, 
prescribe their duties, and fix their compensa- 
tion They shall hold their respective positions 
during the pleasure of the Council 

It shall fill any vacancy caused by death, 

1 esignation or incapacity of any ofhcei 

Article 4. It may appoint lor terms not 
exceeding one year, and prescribe the func- 
tions of such committees of its number oi of 
the Fellows of the Academy, as it may deem 
expedient, to facilitate the administration of 
the affairs of the Academy or to promote its 
interests 

Article 5. At the stated March meeting of 
the Academy it shall recommend for action 
the appropriations which in the opinion of the 
Council should be made for the ensuing fiscal 
year and the Annual Dues therefor. 

It may recommend special appropriations 
at any Stated Meeting of the Academy, or at 
a Special Meeting, in the call for which such 
business shall have been included. 

See Chap li, ait 2, 10, chap iii, art 1,2, chap iv, art 
1, 2, chap, v, art. 2, 3, chap vi, art 2, 3, chap vu, 
art. 1, 2, 7, chap ix, art 6, chap xi, art 1, chap 
xn, art 1, 4, 6 

CHAPTER XI 
Standing Committees 

Article 1. At the Annual Meeting of the 
Corporation the following Standing Commit- 
tees shall be elected by ballot of the Fellows to 


serve from the time of their election until 
their successors Bhall have been elected. 

(1) The House Committee shall consist of 
three Fellows who shall have general charge of 
maintaining the House of the Academy in suit- 
able condition for the uses thereof approved 
by the Council. 

The Chairman of the House Committee or 
his designate shall approve in writing all ex- 
penditures for repairs, services, supplies or 
operation of the House, including salaries of 
House Employees. 

The House Committee, m consultation with 
the Treasurer, shall determine the equitable 
proportion of expense to be assessed for the 
use of the facilities of the House, which are 
approved by the Council toi other than 
Academy activities. 

(n) The Committee on Membership shall 
consist of the President, ex-officio, as Chair- 
man, and eight Fellows, not members of the 
Council, one from each Class to be elected 
annually to serve for two years, except that in 
the initial election one additional Fellow shall 
be elected from each Class to serve for one 
year only. It shall have the duties designated 
to it in Chapter III. 

(in) The Committee on Meetings shall con- 
sist of the President as Chairman, and the Sec- 
retary, ex-officio, and four other Fellows. It 
shall arrange for meetings of the Academy 

(iv) The Committee on Finance shall con- 
sist of the Treasurer, ex-officio, as Chairman, 
and four other Fellows. It shall have general 
ovei sight of the investments of the Academy. 

(v) The Auditing Committee shall consist 
of two Fellows who shall audit the accounts of 
the Treasurer with power to employ an expert 
and to approve his bill. 

(vi) The Committee on Publication shall 
consist of the Editor as Chairman, ex-officio, 
and four other Fellows, one from each Class. 
It shall have the authority and the responsi- 
bility of determining the contents and of 
effecting the printing of the Publications of 
the Academy as set forth in Chapter IX. 

(vii) The Permanent Science Fund Com- 
mittee shall consist of seven Fellows. It shall 
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review all applications for grants addressed to 
it and shall from time to time recommend to 
the Council appropriate disbursements from 
the income received by the Academy fiom the 
Trustee of the Permanent Science Fund, loi 
carrying out the purposes set torth in the 
Agreement- and Declaration of Tiust which 
governs the use of this Fund 

(vm) The Rumford Committee shall con- 
sist of seven Fellows It shall invite applica- 
tions for pecuniary assistance m support ol 
researches m the fields of heat and light, in- 
cluding X rays, and it alone shall authorize 
the pm chase of books, publications and ap- 
paratus at the charge of the income liom the 
Rumford Fund It, shall biennially lecom- 
mend to the Council a candidate for the lecep- 
tion of the Piemiuin to be a winded m accord- 
ance with the llumloid tiust, and shall 
generally hoc to the propei execution of this 
trust. 

(ix) The C \f H'arrcn Committee shall 
consist of seven Fellows It shall invite appli- 
cations for pecuniary assistance from any poi- 
son wishing to engage in research m any 
branch of chemistry and shall lecommend to 
the Council such applications as seem to be 
worthy of aid, and such other disbursements 
from income of the (' M Wairen Fund as it 
deems appropnate to the advancement of 
research in ehonustiy. 

(x) The Amoiy 1‘nzi Committee shall con- 
sist of seven Fellows it shall considei poisons 
eligible and tecommond to the Council the 
award by the President and Fellows of the 
Amoiy Puzo and a gold medal 01 of hoi token 
of honor and merit lor each septennium login- 
ning with that which was concluded on No- 
vember 10, 1933, and thereafter, said award 
being in recognition of an invention or other 
contribution in the medical held specified in 
and according to the feims of the bequest of 
Francis Amorv 

Article 2 Each Standing Committee 
shall confine its recommendations and its ex- 
penditures to such sum in each fiscal year as 
shall have been notified to its Chairman by the 
Secretary of the Academy as appropriations 


voted by the Academy, or by the Treasurer as 
income available for its purposes. 

Article 3. Each Standing Committee shall 
leport to the Academy at the Annual Meeting, 
its acts of the previous year. 

See Chap, in, chap iv, art. t, 3, chap vi, art. 4; chap 
vn, art 1,2, 4, chap ix, art 1,2. 

CHAPTER XII 

Meetings, Communications, and 
Amendments 

Article 1 . There shall be annually eight 
Stated Meetings of the Academy, namely, on 
the second Wednesday of October, November, 
Decembet, January, February, Maich, April, 
and May Only at these meetings, or at ad- 
journments thereot regularly notified, or at 
Special Meetings called for the purpose, shall 
appropi lations of money be made or amend- 
ments of the Statutes be effected. 

The Stated Meeting m May shall be the 
Annual Meeting of the Corpoiation 

Special Meetings shall be called by the Sec- 
tefaiy at the request of the Piesident, of the 
Council, m of ten Fellows having the light to 
vote, and notifications theieof shall state the 
purpose foi which the meeting is called 

The Council shall have authority, as occa- 
sion may demand, to an tinge additional meet- 
ings and to cancel any of the Stat-utoiy meet- 
ings, except that meetings tor transacting 
business shall lie held as required by the 
Statutes 

Article 2 Except as othenvise provided, 
twenty-five Fellows having the right to vote 
shall constitute a quorum for the transaction 
of business at Stated or Special Meetings. 
Eighteen Fellows shall be sufficient to consti- 
tute a meeting for literary or scientific com- 
munications and discussions. 

Article 3 Upon the request of the presid- 
ing officer or the Secretary, any motion or 
resolution offered at any meeting shall be sub- 
mitted m writing. 

Article 4 Fellows may introduce guests 
at any of the literary or scientific meetings of 
the Academy 
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/ Article 5. All amendments to the Statutes, 
whether proposed by Fellows or by the Coun- 
cil, shall be considered by the Council and re- 
ported with recommendations for action to the 
Academy. At a subsequent Stated Meeting, 
or at a Special Meeting called for the purpose, 
the notice for which in either case shall state 
this proposed amendment, the Academy shall 


act upon the amendment. Tw o-thirds of the 
Fellows present, in a meeting of not less than 
forty Fellows, must vote m the affirmative to 
enact the amendment 

•See Chap w, ait (t, 10, chap in, art 1, 2, chap iv, 
art 1, 3, 4, 5, chap v, art 1 , chap vi, art 2, 3, 
chap vu, art 2, 5, chap i\, nit 2, chap x, art 5, 
chap xi, ait 1, 3 




Proceedings of the American Academy of Arts and Sciences 


Von 70, No 4, P 89-157— <)<tohkk, 1948 


THE LINEAR COMPRESSION OF VARIOUS SINGLE CRYSTALS 
TO 30,000 kg/cm- 

By P W Bkidgmw 


THE SCATTERING OF HIGH VELOCITY NEUTRAL PARTICLES. I. 

By 1 Amour, (' F Gucr and H Pe\klm\n 


RECORDS OF MEETINGS 
FROM OCTOBER 1944 TO MAY 1948 




Proceedings of the American Academy of Arts and Sciences 

Vol. 76, No. 4, P. 89-99 — October, 1948 


THE LINEAR COMPRESSION OF VARIOUS SINGLE CRYSTALS 
TO 30,000 kg /cm 2 

B-v P W Hhiimiman 




THE LINEAR COMPRESSION OF VARIOUS SINGLE CRYSTALS 
TO 30,000 kg/cm 2 


By P W Bridgman 


Keceivt*! Oct , 1947 


Contents 

Introduction 89 

Apparatus and Method SO 

Detailed Dai a 91 

Magnesium 91 

Ammonium Dihydrogcn Phosphate 91 

Primary Potassium Phosphate 92 

LiNasCr 2 0j6H,O 92 

Rubidium Tartrate 92 

Dextrose Sodium Chlonde 92 

Dextrose Sodium Iodide 93 

NiS(),6H,() 93 

Henril 95 

Sodium Ammonium 'I tut rate 9b 

Strontium Formate 9(1 

Sulfamic Acid 9b 

HID, 9b 

MgSO,7Hj() 9b 

Morpholine Hydrogen Tartrate 97 

Rochelle Salts 97 

Disuussion 98 


Iniroduction 

During the war a number of laboratories were 
actively engaged in searching for crystals capable 
of replacing quartz or roehelle salts for \ annus 
purposes of transmission or reception, and in this 
search large programs of crystal growing were 
carried out Some of the crystals made in this 
way were large enough to permit measurements 
of linear compression, anil I was fortunate 
enough to obtain a number for this purpose 
The results on these and one other, magnesium, 
form the subject of this paper The crystals 
investigated here were all such that their distor- 
tion under hydrostatic pressure is completely 
determined if the change of linear dimensions is 
known in three or fewer orthogonal directions 
That is, no monoclimc or triclinic crystals were 
investigated, although a number of these had 
been grown for piezo-electrical purposes and were 
available Neither were any cubic crystals 
investigated, such not having piezo-electnc 
properties. 

Before undertaking the measurements a pre- 


liminary investigation of the substance was made 
in the apparatus 1 for rapid determination of 
cubic compressibility to 40,000 to find whether 
there were any polymorphic transitions in the 
contemplated range, since measurements of 
linear compressibility in general huve no signifi- 
cance when carried through a transition point 
Among the available substances several were 
found with polymorphic transitions below 30,000 
In general no attempt was made to measure the 
linear compressions of these The data for their 
volume compressions will he found in the previous 
paper describing the measurements with tile 
40,000 apparatus One of the suhstumes with a 
transition, MgSOcTHA), was however measured 
in the low pressure range below its first transition 

AuHARAnrs and Method 
The method used in this work was that of the 
“lever • piezometer,” in which the change of 
dimensions of the specimen is magnified with a 
lever which moves a w'lre carrying a current over 
a contact fixed to the apparatus, the amount of 
motion being determined by potentiometer meas- 
urements of the resistance between a contac t 
fixed to the wire ami the contact over which it 
slides This method has been extensively em- 
ployed hitherto 1 up to 12,000 kg/cm 2 , and is the 
most accurate anil sensitive method for the 
determination of the compression of solids used 
to date Its use to 30,000 in the present work is 
new The particular point in making the meas- 
urements over the wider range is the greater 
accuracy with which it is possible to determine 
the changes of compressibility with pressure, 
knowledge of which is important for the theory 
of the solid state Kventunlly it is intended to 
measure a large numher of substances with similar 
apparatus over this range, such measurements 
will form a useful supplement to other less accu- 
rate measurements over wider ranges The 
particular crystals of this paper arc well adapted 
for the first measurements in this range because 
their compressibilities are so high that certain 
irregularities which still persist in the apparatus 
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are without appreciable effect. Measurements 
by this method and in this range cannot yet be 
advantageously made on substances as incom- 
pressible as iron, hut this part of the program 
must wait for further improvements, which are 
already well under way 

Because of the emphasis on precision and the 
higher order terms it is necessary to take greater 
care with the measurement of pressure than is 
adequate, for instance, in the measurements to 
100,000 It is now necessary to know the devia- 
tion of the manganm gauge from linearity. It 
has already been established* that this deviation 
is so slight that a calibration at two pressure 
fixed points is sufficient The gauges were cali- 
brated by the transition of bismuth and the 
freezing of mercury at room temperature, the 
data for which are known The calibration 
must he made anew for every individual manganin 
coil, of which two were used in this work 
The lever piezometer had to he specially de- 
signed and constructed It is somewhat smaller 
than formerly, being required to fit a hole 050 
instead of 0 02 inches in diameter Furthermore, 
a different method of assembly had to be designed 
so that the insuluting plug at the bottom of the 
cylinder need not he removed for every new set- 
up, the assembly of this plug being much more 
time consuming in the 30,000 apparatus than 
with the former 12,1X10 apparatus Mr L H 
Abbot successfully designed an arrangement of 
spring clips which permitted the piezometer with 
specimen m place to he inserted ns a single unit 
into the pressure cylinder from the moving plug 
end, this plug being naturally removed after 
every release of pressure Various calibrations 
have to he made on the piezometer for the mag- 
nification of the lever, the resistance of the wire 
and its pressure coefficient etc These calibra- 
tions were not essentially different from those 
previously necessary to 12,000 and need not he 
described further in detail 

Various minor improvements in the technique 
of handling the 30,000 apparatus have been 
effected Some of these, having to do with 
methods of assembling the insulating plug and 
the packing ring for it, have already been de- 
scribed in the previous paper 4 gning new results 
to 100,000 I now have in all three complete 
equipments for reaching 30,000 These are 
somewhat individual m the difficulties which 
they present. The one in which the present 
measurements were made has perhaps given the 
most trouble. An especial trouble with this. 


not shown by the others, although the construc- 
tion is identical as far as is evident, has been 
that the moving piston has a strong tendency to 
seize on the walls of the cylinder, resulting m 
abnormally high friction and also leak. This 
difficulty has been overcome by giving a proper 
hardness to the moving packing rings and by 
lightly copper plating before every run the steel 
parts which move over each other. In addition 
to these difficulties the most disastrous explosion 
yet experienced with any 30,000 apparatus oc- 
curred during this work. In the design used in 
the early measurements the insulating plug, 
where it projects from the pressure cylinder, was 
without external support for a distance of perhaps 
5/16 inch on a diameter of 9/16 inch. There was 
some plastic swelling of this unsupported part, 
and in the course of the work this part had been 
refigured several times by removing altogether a 
few thousandths of an inch from the diameter 
The failure consisted in a complete collapse at 
the maximum pressure of the unsupported pro- 
truding part This failed by sheur on an angle 
much blunter than 45°, releasing the contents of 
the cylinder, which were completely destroyed. 
Evidently the plastic flow in the protruding part, 
which was of Rockwell C hardness 59, had pro- 
ceeded beyond the limit of tolerance. The new 
design was made with only half as long a pro- 
truding part, and to date no further difficulty 
has occurred 

The methods of calculation in the following 
were like those previously used m the lower 
range, ami need not be further described The 
results are essentially differential results with 
respect to American Ingot iron, the absolute 
compressibility of which has already been es- 
tablished 6 over this range by a different method. 
By making calibrating runs with iron, taking the 
difference between the calibrating run and the 
actual run and using in the calculation the known 
absolute value for iron, the absolute changes of 
dimension in the various crystallographically 
independent directions could be eventually ob- 
tained and tabulated. From the linear changes 
of dimensions the change of volume was then 
calculated In this calculation five place loga- 
rithms had to be used, four places being sufficient 
for the linear changes. Finally, the relative 
lengths ftnd volumes were calculated from the 
changes, and recorded in the tables given here. 

In the following a rough measure is giveti of 
the order of accuracy by recording the average 
deviation of a single experimental point from a 
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smooth curve in terms of the percentage of the 
differential change of dimensions at the highest 
pressure. The calculations involved first de- 
termining at every pressure what the displace- 
ment would have been if the relation with pressure 
had been linear passing through the top point, 
then plotting the deviation from linearity as a 
function of pressure, and finally passing a smooth 
curve through the deviation points. The sum of 
the deviations from this smooth curve of all the 
points was obtained by addition with the dividers, 
and this sum was divided by the total number of 
observations and the displacement at the maxi- 
mum to get the average percentage deviation 
above In the usual routine, 17 readings uni- 
formly scattered over the entire range were made 
in addition to an initial seasoning application of 

10.000. The 17 readings were made with in- 
creasing and decreasing pressure, the decreasing 
readings being staggered between the increasing 
readings. The "probable” error of the result 
tabulated is of course much less than the irregu- 
larity of a single reading, perhaps something of 
the order of one quarter of it for a total of 17 
readings, neglecting any systematic error. Fur- 
thermore, this error is on the differential com- 
pressibility, the absolute compressibility is more 
accurate by an amount depending on the differ- 
ence between the substance in question and iron 

Detailed Data 

The detailed presentation of data now follows 
The substances are given fir3t for which measure- 
ments in two directions were sufficient and then 
those which demanded three. In each section 
the order is, with two exceptions, the order of 
increasing volume compression at 30,000. The 
results are given in tables, length and volume at 
2,500, 5,000, and then at 5,000 intervals to 

30.000. No attempt has been made to find a 
universal formula which would cover all the data. 
A second degree expression such as was usually 
adequate in the former range up to 12,000 is 
definitely not adequate in most of the cases, 
although frequently the failure is by a small 
amount Most of the substances in the following 
are conventional enough in their behavior Only 
two have markedly unusual features NiSO<6HjO, 
which has a very marked transition of the second 
kind in one direction, and benzil, which has a 
more complicated anomaly 

Magnesium. This metal is included here with 
other dissimilar substances because its absolute 
compressibility is high enough to permit accept- 


able measurements with the present apparatus. 
The material was from the same crystal as that 
previously measured* to 12,000. The results are 
given in Table I. For the parallel direction the 


table i 

Magnesium 


kg/cm' 

Length 

Volume 

X hex axis 

|| hex axis 

0 

1 OOOOO 

1 00000 

1 00000 

2.600 

09775 

09770 

90320 

5,000 

09563 

99542 

98657 

10.000 

90122 

99100 

97360 

15,000 

98716 

98683 

96166 

20,000 

98322 

98280 

95010 

26,000 

97954 

97904 

93938 

30.000 

97612 

97548 

92944 


mean deviation of a single reading from a smooth 
curve was 0 17 per cent, and for the perpendicular 
direction 0 22 per cent. Compared with previous 
results the changes of length at 10,000 found now 
are about 3 per cent less than those formerly 
found The curvature or deviation from line- 
arity in the parallel direction is not greatly differ- 
ent from that found before The curvature in 
the perpendicular direction, on the other hand, is 
now materially less than before The curvature 
previously found in the perpendicular direction 
was 50 per cent greater than that in the parallel 
direction, whereas now the two curvatures are 
equal within 1 per cent. The compressions in 
the two directions now found are very nearly 
equal, as would be expected from the crystal 
structure of magnesium, a hexagonal close packed 
structure of spheres The compression found 
now is about 0 5 per cent greater in the direction 
parallel to the hexagonal axis than at right 
angles. 

Ammonium Dihydrogen Phosphate (“ A D P ”) 
This I owe to the kindness of Dr. Hans Jaffe of 
the Brush Development Co , the results are 
shown in Table II. It will be noticed that the 
table ii 


Ammonium Dihydrooen Phosphate 


kg/cm> 

Length 

Volume 

1 1 optic axis 

X optic axis 

0 

1 00000 

1 00000 

1 00000 

2,500 

99542 

99795 

99135 

6,000 

99104 

99604 

98322 

10,000 

98267 

99253 

96405 

15.000 

97511 

98944 

95462 

20.000 

96818 

08663 

94247 

25.000 

96170 

98389 

93097 

30,000 

05567 

08142 

92042 
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compression is somewhat twice as (treat parallel 
to the optic axis as at right angles The mean 
deviations of single readings from smooth curves 
were 0 12 per cent for the parallel direction and 
0 05 per cent perpendicular The greater irregu- 
larity perpendicular to the axis corresponds to 
the smaller compressibility 

Primary Pntn-xm um Phosphate (“PK") The 
material was furnished by Dr. Jaffe 
The results are shown m Table III In the 


TABUS III 



16 000 0H440 98487 116438 

20 18X1 98018 98033 114182 

25 000 07019 117004 *13008 

.10, 000 117291 I 97212 *12016 


“</” direction the average de\iation of a single 
reading from a smooth curve was 0 41 per cent, 
and in the “c” direction 0 47 per cent Compared 
with ammonium dihydrogen phosphate the over- 
all cubic compression is very nearly the same, hut 
the linear compression does not follow the same 
pattern, being very nearly the same for the two 
directions for P K , whereas there was a differ- 
ence by a factor of two for A I) P There seem 
to be no precious measurements on either of 
these materials for comparison 

LxNa o Cri0i(iHi() This material I owe to the 
kindness of Dr S () Morgan of the Bell Tele- 
phone laibora tones 

The results are shown m Table IV The com- 



pression m the : direction is about 20 per cent 
less than at right angles The mean deviation 
of a single reading from a smooth curve was 0 18 


per cent for the Jt direction, and 0 25 per cent for 
z There are no previously published measure- 
ments for comparison The 40,000 apparatus 
gave for the volume decrement at 30,000 0 0885 
against 0 0800 calculates! above 

llubidivm Tartrate The material was supplied 
by Dr Morgan 

The results are given in Table V The com- 


TABLB v 

Rubidium Tahthatk 



possibility m the z direc tion is only one third as 
great as at right angles The mean deviation of 
a single reading from a smooth curve was 0 25 
per cent for the x direction, and 0 (i per cent for z 
The only previous measurements for comparison 
are those of the volume decrement with the 40,000 
apparatus 'Phis apparatus gave for the volume 
decrement at 30,000 0 1014, against 0 0938 above 
from the linear compressions The discrepancy 
is larger than usual 

Dextrose Sodium Chloride The material was 
supplied by Dr Morgan 
The results arc given in Table VI The ootn- 


TABLK VI 



O 1 OOOOO 1 00000 1 00000 

2 500 99494 99714 98710 

4 000 98972 99446 97410 

10.000 *18028 98911 96048 

15.000 97339 98427 93260 

20 000 96648 98000 91540 

25.000 96037 97567 89974 

10.000 054 43 _ i 97172 88516 

pressibility in the z direction is roughly one* half 
that at right angles In the z direction there is 
an abnormal episode between 17,000 and 25,000, 
the compressibility dropping with pressure at 
an abnormally high rate at the beginning of the 
interval Sinre all the experimental points con- 
sistently indicated the same thing it seems 
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probable that the abnormality is real, arul it was 
therefore not smoothed out in the tuble This 
abnormality does not seem to fall under the con- 
ventional classifications as transition of the second 
or higher order 

The mean deviation of a single reading from a 
smooth curve was 0 73 per cent in the r direction 
and 0 26 in z The only previous measurements 
for comparison are with the 40,000 apparatus 
This gave for the volume decrement at 30,000 
0 1178 against 0 1148 above 

Dextrose Sodium Iodide The material was 
furnished by Dr. Morgan 

The results are given in Table VII The 


TABLE vn 

Dkxtrobk Sodium Iodidk 




0 


20 000 
25.000 
jUMMX) 


I 00000 
99478 
99008 
98172 
97434 
9079 1 
96194 
95092 


: cilrwtion 


1 00000 
99012 
90240 
98532 
97865 
97293 
90767 
90280 


1 00000 
98570 
97282 
94964 
92907 
91140 
89544 
88100 


average deviation of a single leading from a 
smooth curve was 0 08 per cent for the x direction 
and 0 24 for z The volume decrement given by 
the 40,000 apparatus at 30,000 was 0 1106 
against 0 1183 above It is to be noticed that the 
compressibilities in the two directions are much 
more nearly equal for dextrose sodium iodide than 
they are for the corresponding chloride The 
volume decrement of the iodide is greater by a 
small amount A difference in this direction 
would be expected on geneial grounds as a result 
of replacing chlorine with iodine 

NiSOtGHzO This was supplied by Dr Morgan 
The behavior in the 2 direction up to 30,000 
proved to be entirely normal In the direction 
at right angles, however, there is a very marked 
anomaly in the neighborhood of 20,000, as shown 
in Figure 1 Below 20,000 the length decreases 
nearly linearly with pressure with a mean com- 
pressibility only ubout 40 per cent of that in the 
z direction. Near 20,000 there is a ver.v rapid 
increase of compressibility in a narrow pressure 
interval, the maximum compressibility attained 
being approximately 20 fold the original Be- 
tween 20,000 and 30,000 the relation between 
length in the x direction and pressure is ver.v far 



Figure 1 The relative change of length perpendicu- 
lar to the axis of Ni80.6H|O as a function of pressure 

from linear, the compressibility at 30,000 having 
dropped to approximately one third that at 
20,000 

Four different set-ups with four different speci- 
mens were made in the r direction Two of the 
specimens were cut at right angles to each other, 
both in the plane perpendicular to s, in order to 
cheek whether any triaxiality developed above 
the transition point No evidence for this was 
found The behavior of these four samples 
differed slightly and hevond the errors of meas- 
urement The pressure of discontinuity was 
19,320, 19,700, 20,000 and 20,050 for the four 
specimens respectively The maximum differ- 
ence in the changes of length was about 2 per 
cent The results given in the table are a rough 
average for the four directions, taking the pres- 
sure of discontinuity as 20,000 and throwing the 
most weight above the transition on the one 
specimen winch was taken up to the full 30,000 

If pressure readings are taken close together in 
the region of the anomaly the sharp discon- 
tinuity disappears, and there appears only a 
region of very rapidly varying curvature In 
Figure 2 the fine detuil is shown in the neighbor- 
hood of the anomaly The points m this dia- 
gram were taken with decreasing pressure after 
the full 30,000 had been reached This excursion 
to the maximum produced an irreversible perma- 
nent fractional change of length when 20,000 was 
recovered of 0 0004 

The final results, with the fine detail in the 
region of anomaly smoothed over, are shown in 
Table VIII In the z direction the average 
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TABLE VIII 
NiSO<0H,O 


Pressure 


kg/cm* 


i direction 


z direction 


0 1 00000 


1 00000 


5,000 

10,000 

15000 

20,000 

22,500 



90005 

98085 

07210 


99014 

98104 

97291 

00575 

96263 


27.600 

30,000 


95653 96738 

05122 | 95511 


1 00000 
99148 
98345 
90700 
96365 
94050 
90978 
88990 
87604 
86420 


deviation of a single reading from a smooth 
curve was 0 15 per cent, and in the perpendicular 
direction (best of the four runs and below the 
anomaly) was 0.4fi per cent. 


As usual, the preliminary examination was 
made in the 40,000 apparatus, and an accelerated 
increase of compressibility found in the neighbor- 
hood of 20,000. However, this had none of the 
abruptness of the change of linear dimensions. 
The change of volume at 30,000 given by the 
40,000 apparatus was 0 0870 against 0 1358 above 
The magnitude of the discrepancy is quite with- 
out precedent, and is impossible to explain by 
error The effect must be real, and it must mean 
that whatever it is that occurs at 20,000 is to a 
great extent suppressed under the constraints 
imposed in the 40,000 apparatus, in which pres- 
sure fails to be hydrostatic by several hundred 
kilograms under the best conditions, and by 
much more under unfavorable conditions of high 
rigidity in the specimen and large difference of 
compressibility in different directions. The lat- 



Fiotjrb 2 Plot on a much enlarged scale of the neighborhood of the break in Figure 1. together with the 
experimental point* obtained with decreasing pressure. 
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ter condition, at least, is fulfilled by the present 
substance. 

Benztl I owe this to the kind offices of Lt. Paul 
H Egli, through whom the Naval Research 
Laboratory supplied it to me. The orientations 
were kindly identified by Professor C. Frondel of 
the Department of Mineralogy of Harvard 
University 

Both directions are anomalous, and further- 
more the anomalies are not connected in the way 
demanded by thermodynamics if the stress sys- 
tem is a pure hydrostatic pressure The explana- 
tion does not appear, but must be connected in 
some way with a slight failure of the stress to be 
hydrostatic The specimen in the piezometer, in 
order to be sure that all contacts shall be tight 
and there shall be no back lash, is subjected to a 
unidirectional compressional stress along the axis 
in addition to the hydrostatic pressure This 
stress is of the order of only 0 5 kg/cm‘. Never 
hefore has there been any evidence that this 
stress plays any role. 

Two specimens were used in each direction, and 
the anomalies repeated The mean deviation of 
a single point from a smooth curve was 0 24 per 
cent for the “a” direction and 0 25 per cent for 
“r” The anomaly m the r direction consists in 
an abrupt increase of length at 22,500 From 
here the curve follows along parallel to its course 
hefore the jump, but on a higher level, until 
26,800, when there is an abrupt downward turn 
in direction, but no discontinuity, until at 28,500 
a rough prolongation of the original curve is 
reached Pressure was not carried beyond this 
point. On release of pressure the course with 
increase of pressure was reversibly retraced 
The experimental points are shown in Figure 3 
Thermodynamics, of course, permits only transi- 
tions with decrease of v olume, so that in the “a” 
direction this anomaly would demand a discon- 
tinuous decrease of length large enough to at 
least compensate for the increase at right angles 
However, no anomaly whatever was found in the 
“ a ” direction at 22,500 There is a smaller 
repeatable and reversible anomaly at 12,500, 
which consist^ in a cusp-like increase of compres- 
sibility, or at least cusp-like to pressure readings 
spaced about 2,000 kg/cm 5 apart This is 
followed by an inverse anomaly at 25,000, the 
compressibility becoming discontmuously smaller. 
This latter anomaly was reversible, but it was not 
checked by repetition with the second specimen, 
which was made so long in order to give greater 



PRESSURE 

Figure 3 The relative change of length peipendicu- 
lai to the axis of benzil as a function of piessuie The 
increase of length between 20,000 and 25,000 is revers- 
ible 

sensitiveness that it lould not be earned above 
25,000 without running hevond the stroke of the 
lever 

These anomalies aie reproduced as they were 
found in Table IX It would be misleading to 

1 ABLE IX 



calculate from the changes of length the volume 
change, and this column is therefore omitted 
Preliminary measurements were made as usual 
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in the 40,000 apparatus, and no anomalies found 
at all The change of volume at 30,000 found 
with it was 0 184, which is not far from what 
would he computed by taking the changes of 
length in Table IX at their face value 

Sodium Ammonium Tartrate The material was 
furnished by I)r Morgan 

The measurements went smoothly and without 
episode Two complete sets of measurements 
were made on this substance with six specimens 
in all The repetition was made necessary b\ a 
confusion of orientations in the first set by which 
two "y” orientations were measured and no x 
On the repetition the agreement in the changes 
of length was exact for the y orientation and 
within 1 per cent for z The results shown in 
Table X are those of the second set The mean 

I'VBLh X 


Pressure 

kK/un’ 



/ clinTtion j u direction z riirwtion 

I OOOOO j I OOOOO 1 00000 

993 \2 , 00752 j 09022 

98093 [ 99523 90203 

07550 00! 08 j OHO l ‘2 

06575 | 48739 07004 

05701 , 0H40* | 4746K 

04007 | 08082 06003 

_ 9428 1 , 97784 ! 46564 


! OOOOO 


95342 

91 788 
00288 
H«K>2H 


deviations of single readings from smooth curves 
for the x, y, and 2 directions respectively were 
0 23, 0 43, and 0 27 per cent The volume decre- 
ment at 30,000 obtained with the 40,000 appara- 
tus was 0 1148 against 0 1097 above 

Strontium Formate The material was supplied 
by the Naval Research Laboratory, and the 
identification of orientations made by Professor 
Frondel 

The results are shown in Table XI The aver- 
age deviations of single readings from smooth 


TABLE xi 


Strontium Formatf 


Pressure 


2.500 
5 000 
10.000 


30 000 


a direction 


1 00000 
99670 
99390 
98870 
98387 
97932 
97516 
97143 




Volume 


dliw tion 


direction 


1 OOOOO 
99802 
99610 
99236 
98886 
98566 


I OOOOO 
99617 
99271 
98629 
98024 
97452 


1 OOOOO 
99092 
98278 
96770 
95368 
94068 


97965 


96426 


91764 


curves in the a, b, and c directions were 0.42, 1.5, 
and 0 33 per cent respectively The volume de- 
crement at 30,000 found with the 40,000 appara- 
tus was 0 0858 against 0 0824 above. 

Sulfamic And The material was supplied by 
Dr Jaffe, who identified the axis The system 
of axes adopted is that of Jaeger as quoted hy 
Bryant 7 “According to this system the b axis 
coincides with the acute bisectrix The c axis 
coincides with the normal to the optic plane ” 
TABLE XII 



The results are shown m Table XII The 
average deviations of single readings from smooth 
curves in the a, b, and c directions were 0 42, 
0 36, ami 0 36 per cent respectively The 
volume decrement at 30,000 found with the 
10,000 apparatus was 0 0885 against 0 0863 above 

HWi The material was supplied hy the Naval 
Research Laboratory and the identification of 
directions made hy Professor Frondel 


table xm 
HIO, 



The results are shown in Table XIII. The 
average deviations of single readings from smooth 
curves in the a, b, and r directions were 0.62, 
0 24, and 0 62 per cent respectively The 
volume decrement at 30,000 obtained with the 
40,000 apparatus was 0 1015 against 0 0952 above. 

MgS0 t 7Hi0 This material I owe to the kind- 
ness of Mr George C Kennedey, who grew the 
crystals especially for these measurements from 
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aqueous solution by the method of slowly lowering 
the temperature. The work was done at Harvard 
University. During the war Mr Kennedey had 
been engaged on similar work for the Navy 
Preliminary exploration with the 40,000 ap- 
paratus disclosed three transitions, one between 
10,000 and 15,000, and two close together and not 
completely resolved in the neighborhood of 25,000 
All these transitions are sluggish, with a wide 
region of indifference The present measure- 
ments were of necessity restricted to pressures 
below 10,000 Even in this range the results 
were more irregular than usual 


TABLE XIV 
MrS0,7H«0 


direction 6 direction c direction 


3.000 

7,300 

10.000 


99348 

99042 

98760 


99181 

98705 

98286 



97834 

96830 

96918 


The results are shown in Table XIV The 
average deviation of a single reading from >i 
smooth curve was 1 1,0 75, ami 1 2 per cent 
respectively for the a, 6, and c directions The 
change of volume at 10,000 found with the 40,000 
apparatus was 0 0445 against 0 0408 aliove The 
discrepancy is largely due to uncertainty in the 
40,000 measurements due to sluggishness of the 
transitions 

Morpholine Hydroyin Tartrate The material 
was supplied by Dr Morgan 

TABLE xv 


Morpholine Hydrogen Takthaie 



The results are shown in Table XV The mean 
deviation of a single reading from a smooth curve 
for the x, y, and z, directions respectively was 
0.10, 0.46 and 0 15 per cent The voulme decre- 
ment at 30,000 found with the 40,000 apparatus 
was 0.1228 against 0.1292 above The measure- 


ments with this material went smoothly in all 
respects with a minimum of the irregvdarities 
which some of the other materials show I 
think that many of these irregularities are not 
instrumental, but are genuinely associated with 
the materials 

Rochelle Salts The material was supplied by Dr 
Jaffe Two completely independent sets of 
measurements were made with material from 
two different crystals On the first determina- 
tion there was apparently a confusion with 
regard to the “b" orientation, this apparently 
having been replaced by the a orientation 
Repetition of the results was therefore demanded 
Dr Jaffe kindly provided a second batch of 
material with orientations marked, and Professor 
Frondel made an independent confirmation of 
the orientations 


TABLE XVI 
Rochelle Salts 



The results for the second specimen are shown 
in Table XVI The decrements of length in the 
a anil c directions given by the first .specimen 
agreed within about one per cent with the cor- 
responding values for the second The mean 
deviations of a single reading from a smooth 
curve for the a, b, and c, directions were respec- 
tively 0.28, 1,23, and 0 42 per cent respectively 
The confirmation of the results in Table XVI 
by the volume decrements measured independ- 
ently with the 40,000 apparatus was closer than 
usual The volume decrement at 30,000 given 
by the latter was 0 1053 against 0 1058 of the 
table In addition to this, comparison may be 
made with my own former measurements® of the 
change of length up to 12,000 kg/cm 1 The 
decrements of length at 10,000 kg/cm* formerly 
found in the a, b, and e directions respectively 
were 001029, 0 02217, and 0.01320 against 
0.02227, 0 00957, and 0 01374 now given m 
Table XVI It would appear that a and b 
orientations in the former work must have been 
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inverted, a probability which is strengthened by 
inspection of the original note books 

There seem to be no other measurements 
under hydrostatic pressure for comparison There 
have, however, been a number of measurements 
of the elastic constants at atmospheric pressure 
from which the initial compressibilities may be 
computed A summary of these may be found 
m Cady’s book on Piezoelectricity. It would 
appear from an inspection of this work that none 
of the measurements of elastic constants are 
accurate enough to allow computations of the 
linear compressibilities of any reliability In 
this calculation the errors conspire in a particu- 
larly unfavorable way For instance, the linear 
compressibility in the b direction calculated with 
that combination of constants which is recom- 
mended as best turns out to be negative, a con- 
clusion which can he rejected with confidence on 
the basis of the direct measurements In general, 
the error in measuring the linear compressibilities 
appears to be much less than that in measuring 
the other constants, so that in calculating the 
other constants adjustments should be made so 
that they will yield the measured linear com- 
pressibilities 

Discussion 

This discussion will be concerned with several 
purely formal matters with the object of giving a 
better descriptive grasp of the results, and will 
not attempt at all to assess their physical sig- 
nificance. 

In the first place, the magnitude of the mean 
compression is of interest. As a measure of this 
we may take the volume decrement under 30,000 
Omitting the only metal in the above list, mag- 
nesium, and confining attention to the salts, the 
smallest volume decrement is for Ammonium 
Dihydrogen Phosphate, 0 0790, and the largest 
for N1SO4OH2O, 0 1358 This is variation by 
less than a factor of two, which is comparatively 
small in view of the known variation by a factor 
of 300 hetween the least and most compressible 
elements, carbon and caesium In speculating 
on the reason for this it is to be remembered that 
all the substances measured here have this in 
common, that they are soluble in water and were 
grown in single crystal form from aqueous 
solution. 

The degree of anisotropy of the crystal with 
regard to hydrostatic compression is of interest 
This may be arbitrarily defined as the ratio of the 
decrement of linear dimension in the direction in 
which it is greatest to that in the direction in 
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which it is least. This is shown in Table XVII. 
Among the crystals with rotational symmetry 
requiring two constants, three are more com- 
pressible along the axis, and four at right angles 
The anisotropy varies from 3.01 for rubidium 
tartrate to 1.029 for Primary Potassium Phos- 
phate and 1.026 for magnesium. Among the 
orthorhombic crystals requiring three constants 
three are most compressible along the c axis, two 
along o and one along b. The anisotropy in this 
group varies from 2.84 for morpholine hydrogen 
tartrate to 1.398 for sulfamic acid The aniso- 
tropy shown by this group of crystals is not large 
when it is considered that zinc is eight times more 
compressible along the axis than at right angles, 
and tellurium has a negative ratio in the two 
directions. 

We next consider the deviations from linearity, 
or the curvature in the relation between pressure 
and distortion This may be arbitrarily defined 
as the ratio of the difference between the actual 
distortion at 15,000 and the distortion which 
would have occurred at 15,000 if the relation 
were linear up to 30,000, to the distortion at 
30,000 Expressed analytically for change of 
length, this is 

^ , . A/u.ooo _ HAljo.oooo 

Deviation = t-j 

atjo.ooo 

Previous experience would lead to the expectation 
that the "deviation” so defined would be larger 
the larger the absolute vulue of the distortion, or 
that deviation divided by the decrement of 
length at 30,000 would be roughly of the order of 
magnitude of unity and would not vary greatly 
from substance to substance I have already 
shown that when the volume change up to 12,000 
kg/cm* is represented by the two constant 
formula AF/F 0 = — ■ ap + bp 1 , the dimension- 
less combination 6/a* varies in the general 
neighborhood of unity 

In Table XVII are given the changes of 
dimensions at 30,000, the deviations, and the 
ratio of the deviation to the change at 30,000 


This latter we may define as the “relative devia- 
tion.” The deviation varies from a maximum of 
0.161 for morpholine hydrogen tartrate to a 
minimum among the salts of 0 0397 for LiNajCrj- 
O76H2O and 0.0372 for magnesium. No correla- 
tion is obvious between deviation and direction 
in the crystal The relative deviation, omitting 
for the moment rubidium tartrate, varies from 
3.75 to 1 36 for changes of length and from 1 06 to 
0.616 for changes of volume The expectation 
is borne out that the relative deviation fluctuates 
in the general neighborhood of unity Its range 
of fluctuation is definitely less than the range of 
fluctuation of the deviation itself, but the differ- 
ence is not overwhelming. The deviation for the 
volume is in general not far from the deviation for 
the length, which means that the relative devia- 
tion for the volume is of the order of one third the 
relative deviation for length. There seems no 
general correlation between the relative devia- 
tion and direction. 

Rubidium Tartrate is clearly an exception. 
Along the axis the compressibility is by far the 
least of any substance in the table, whereas at 
the same time its deviation from linearity is 
among the highest and its relative deviation is 
entirely out of line, being 7 89 against a next 
nearest figure 3.75 One might be tempted to 
suspect an approach to a transition of the second 
kind, but as a matter of fact the abnormally high 
curvature is distributed uniformly over the whole 
pressure range 
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A. Introduction 

The estimation of the interaction energies 
between atoms and molecules as functions of 
their separation distances is of fundamental im- 
portance for a complete understanding of numer- 
ous chemical and physical problems. Among the 
many properties which can be calculated from 
theory if the mutual energy of interaction is 
known are: compressibility and thermal expan- 
sion of solids and liquids, and transport properties 
(viscosity, thermal conductivity, and diffusion 
coefficients) of gases. To date, much of the 
information on intermolecular interactions has 
been derived from experimental measurements of 
these properties and their temperature coeffi- 
cients. The results have not been completely 
satisfactory, however, for several reasons. First, 
the existence of intermolecular forces results, in 
some cases, in producing perturbations of the 
properties of an ideal system of forceless mole- 
cules, as, for example, the pressure-volume-tem- 
perature relations of a mass of a gas. When this 

• Present address, Barrett Division, Allied Chemical 
and Dye Corporation, Philadelphia, Pennsylvania. 

t Present address, North American Aviation, Inc, 
Los Angeles, California. 


perturbation is not very large, it is very difficult 
to estimate interaction potentials from experi- 
mental measurements with satisfactory accuracy 
Second, the theoretical treatment of the experi- 
mentally measured property is often so compli- 
cated that drastic simplification of the molecular 
model must be made before it is possible to obtain 
numerical values for the interaction potential. As 
a result, the conclusions often bear little resem- 
blance to reality, as in the case of molecular models 
of mass points possessing only repulsive forces 
which are frequently assumed in order to deduce 
interaction potentials from experimental values of 
the coefficients of viscosity, thermal conductivity, 
and diffusion of gases at relatively low tempera- 
tures. Finally, the limited temperature range 
over which it is possible to make measurements 
results, in many cases, in values of the mutual 
potential energy which are valid over very nar- 
row ranges of the separation distance 

A more direct approach to the experimental 
determination of intermolecular interactions 
would seem to lie in attempts to study actual 
collisions between molecules. If the masses, 
initial speeds, final speeds, and direction of 
scattering are known for a colliding system, it is 
possible to determine the potential energy of 
interaction at the distance of closest approach 
of the two particles . 1 This method of attack has 
the advantage that the effects of molecular inter- 
actions are not reflected in small changes in com- 
pressibility, viscosity, or similar properties char- 
acteristic of large aggregates of molecules, but 
directly in the change in speed and direction 
of the interacting molecules. As a consequence, 
the results of scattering experiments tend to lead 
directly to the desired information about molecu- 
lar interactions. However, the experimental 
difficulties are great since well defined, unidirec- 

1 E. H. Kennard, Kinetic Theory of Gatet (McGraw- 
Hill Book Company, Inc., New York, 1938), pp. 
116-134. 
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tional beams of collision free neutral particles and 
accurate methods for detecting such beams are 
required. The discovery of Dunoyer* that therm- 
al velocity molecular beams could be produced 
by methods similar to those used in collimating 
light showed that an experimental study of the 
physical characteristics of single collisions was 
plausible The techniques of the molecular beam 
method were brilliantly developed by Stern and 
his co-workers’ between 1923 and 1933 so that the 
thermal velocity beam is now a well established, 
accurate research tool. 

The scattering of molecular beams with ordi- 
nary thermal velocities provides information con- 
cerning intermoleeular forces at relatively large 
separation distances where forces of attraction 
usually predominate over forces of repulsion. 4 
Scattering experiments of this type are of second- 
ary interest to the authors for two reasons. 
First, other types of measurements already men- 
tioned, although less satisfactory, are capable of 
supplying information in the same general range 
of interaction distances Second, quantum 
theory calculations have been reasonably success- 
ful in predicting the magnitude of attractive 
forces, particularly for non-polar molecules. On 
the other hand, at small separation distances 
where repulsive forces predominate, theoretical 
calculations are not generally successful or possi- 
ble and laboratory experiments on large aggre- 
gates of molecules are not feasible since tempera- 
tures are required in excess of the limit obtainable 
Since the scattering of neutral particles with 
controlled high velocities appears to offer a 
unique approach to the study of repulsive inter- 
action forces at small distances, the authors have 
endeavored to develop apparatus and techniques 
of the same high quality as those used in ordinary 
thermal velocity beam research 

B Previous Contributions 

Beams of fast neutral atoms were first produced 
by Oliphant, 6 who found a beam of neutral, 


* L Dunoyer, Compt rend 162, 594 (1911), Le 
Radium 8, 142 (1911). 

* See numerous references uRGJ Fraser, Molecu- 
lar Beams (Methuen and Company, Ltd , London, 
1937) and Molecular Rays (The Macmillan Coinpany, 
New York, 1931). 

4 H. S W. Massey and C. B O. Mohr, Proc Roy. 
Soc A 144, 188 (1934). H 8 W. Massey and R. 
A. Buckingham, Nature 188, 77 (1936). 

* M. L. E. Oliphant, Proc Roy. Soc. A124, 228 
(1929). 


metastable *S helium atoms while studying beams 
of helium ions. Beeck* produced a beam of fast 
argon atoms by the process of “umladung” 
which involves the collision of an accelerated ion 
with a slow atom and results in a transfer of 
kinetic energy to yield a fast neutral atom and a 
slow ion. This method was further investigated 
by Kallman and his co-workers, 7 and later used 
by Rostagni* to produce beams of fast hydrogen, 
argon and neon. 

Amdur and Pearl man, 9 using a device similar 
to the proton source of Lamar and Luhr, 10 intro- 
duced the use of high velocity neutral beams for 
the determination of repulsive intermoleeular 
potentials from measured total collision cross- 
sections. They scattered fast hydrogen atoms in 
room temperature hydrogen gas and fast helium 
atoms in room temperature helium gas and were 
able to evaluate interaction potentials from their 
results. For the system, H — H 2 U , the repulsive 
potential energy may be expressed as 

V{r) = 0.846 x 10~ l ° exp (- 24 9r») 

-I- 0 21 1 x 10- 10 exp (- 2 40 r 3 ) erg (1) 

for values of r, the distance between mass points 
representing the hydrogen atom and the hydro- 
gen molecule, in the range 0 28-0.70A. The 
corresponding relation for the system He — He' 1 is 

V(r) = 11 3 x 10->« exp (- 4.63r‘) erg (2) 
for values of r in the range 0.55-1 .05A. 

C. Present Contribution 

The original apparatus of Amdur and Pearlman 
had several limitations which restricted the scope 
of the experiments which could be performed 
First, the detector was stationary in the beam 
axis so that it was not possible to measure the 
angular distribution of scattering, but only total 
collision cross-sections Under such conditions, 
only one point on the potential energy curve can 
be obtained from a cross-section value at a given 


4 O Beeck, Ann der Phys (5) 19, 121 (1934). 

1 H Kallman and B Rosen, Zeit. far Phys. 81, 61 
(1930). H Kallman, W. Lasareff, and B. Rosen, 
Zeit. fUr Phys. 76, 213 .(1932). 

* A. Rostagni, Zeit. filr Phys. 88, 55 (1934). 

* I Amdur and H. Pearlman, J. Chem. Phys. 8, 7 
(1940). 

10 E S Lamar and 0 Luhr. Phys Rev. 46, 87 (1934). 
“ I Amdur, J. Chem. Phys. 11, 167 (1943). 

“ I Amdur and H. Pearlman, J. Chem. Phys. 9, 603 
(1941). 
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beam velocity, in contrast to a series of points 
derivable from angular intensity measurements 
of a scattered beam at the same velocity. Second, 
the long scattering path, about 8 5 cm., intro- 
duced uncertainties in the estimation of the 
angular aperture subtended by the detector 
which were reflected in the final potential energy 
relations Finally, it was necessary to make 
relatively large corrections to the observed 
scattered beam intensities because of the large 
pressure dependence of the detector which was 
not isolated from the scattering gas. It was 
therefore considered desirable to design a second 
scattering unit which would (1) permit accurately 
measurable travel of the detector with respect to 
the beam axis and (2) localize the scattering gas 
in a narrow chamber to simplify the estimation 
of the detector aperture and to permit the 
detector to be in a highly evacuated region at 
ail times. In addition to eliminating restrictive 
features of the first apparatus, the second unit 
was designed to incorporate significant improve- 
ments among which were elimination of sources 
of mercury vapor by using a rapid oil diffusion 
pump and substituting a thermocouple gage and 
an ionization gage for the previous McLeod 
gages, and the use of a self-contained Pirani gage 
to measure the pressure of gas in the scattering 
chamber. It is the primary purpose of the 
present paper to describe this new apparatus and 
to indicate its potentialities by showing its 
performance characteristics. The authors feel 
that tfie preliminary results obtained show that 
their first objective has been obtained, namely, 
the development of an apparatus of the same 
quality as those used in thermal velocity beam 
research. 

The beam of high velocity neutral particles is 
made in a manner analogous to that used by 
Lamar and Luhr 10 for producing high velocity 
protons A low voltage arc (20-60 volts, 0.5-1.5 
amperes) is struck between a filament, at ground 
potential, and an anode in gas at 0 10-0 50 mm. 
pressure. • Positive ions (0 10-0 30 ampere), pro- 
duced primarily by electron collisions in the gas, 
are drawn to the cathode which is at a negative 
potential of 50-200 volts. Some of the positive 
ions (1 0-10.0 milliamperes) are drawn through a 
hemispherical nickel grid of 40 mesh screen 
mounted over an aperture in the cathode, and 
focused on the atom gun, an electrode with a 
small central canal. The negative potential on 
the atom gun may be varied from 200 to 2000 
volts and some of the focused positive ions are 


neutralized in the canal of the gun, either at 
grazing incidence with its walls, or without 
actual physical contact. 15 The neutralization oc- 
curs without appreciable loss of kinetic energy, so 
that the beam emerging from the canal is a mix- 
ture of high velocity neutral atoms and positive 
ions which escaped neutralization. These ions 
are repelled by the top surface of the scattering 
chamber which acts as an ion mirror since it is at 
ground potential Thus, the only high velocity 
particles entering the scattering chamber are 
neutral, accelerated gas molecules. 

1. Structural Details of the Apparatus 

The essential details of the present apparatus, 
with the exception of the electrical circuits, are 
shown in Figure 1 . The arc section consists of two 
concentric brass tubes soldered to brass flanges at 
top and bottom Hard solder is used except for 
the bottom joint of the outer tube, which is soft 
soldered The section is provided with inlet and 
outlet tubes for circulating cooling water through 
the annular space, a H inch cathode lead tube, 
and a 1 inch tube which leads to the scattering 
section through the large valve, 13. The portion 
of the 1 inch tube adjacent to the arc section 
contains an inlet tube for introducing gas and a 
connection, 12, for a thermocouple gage which 
measures the pressure in this section 

The arc section is fastened to the scattering 
section by 16 bolt3 which thread into the top 
flange of the scattering section The junction of 
the two sections is made vacuum tight by a lead 
gasket, 0040" thick. The filament adjuster, 1, 
is fastened to the arc section by a split steel plate 
and a similar arrangement of bolts and gasket. 

It has been previously found® that the beam 
intensity frequently varied with the distance 
between the filament, 4, and the hemispherical 
grid, 5. A filament adjuster was therefore in- 
cluded in the present apparatus to permit ac- 
curate adjustment and measurement of the fila- 
ment position. The adjuster is housed in a 5 inch 
length of brass tubing soft soldered into a brass 
flange Vertical motion in vacuum is obtained by 
turning the knurled graduated knob at the top of 
the adjuster, since the drive shaft is pinned to a 
vacuum tight plate at the lower, free end of a 
bellows whose upper, fixed end is soldered periph- 
erally to the inside of the housing Eyelets, con- 
sisting of metal to glass seals, are used to bring 
leads from the filaments and anode, 2, through 

“M L E Olipbant and P. B. Moon, Proc Roy Soc. 
Al$7, 388 (1930). 
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the bottom plate A radiation baffle is fastened 
below the plate to prevent the eyelets from being 
short circuited by evaporated and sputtered 
metal from the arc The filament leads, protected 
from shorting to the anode by quartz sleeves, pass 
freely through holes in the anode as the bellows 
is compressed or extended. The required free- 


dom of motion in this region with respect to the 
fixed anode is supplied by a phosphor bronze 
spring which serves as the anode lead. The ad- 
juster permits about 1 inch of filament travel 
from a zero position about Vi inch above the grid. 
A metal index, fastened to the top of the drive 
shaft, indicates relative filament heights to 



Details of high velocity molecular beam apparatus 


Fiquhk 1 

1 Filament adjuster 

2 Anode 

3 Cathode 

4. Filament 

5. Grid 

6. Atom gun 

7. Scattering chamber 
8 Condensers 


9 Detector 
10. Longitudinal slide 

11 Transverse slide 

12 Thermocouple gage connection 

13 Arc section by-pass valve 

14 Longitudinal sbde drive 

15 Ionisation gage connection 

16 Gas supply shut-off valves 


17 Ballast tanks 

18 Gas supply pump-out valves 

19. Throttle valves 

20. Low pressure shut-off valves 
21 Scattering chamber by-pass 

valve 

22. Counterweight cables 
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twentieths of an inch on a graduated vertical 
standard; measurements to thousandths of an 
inch are read from the graduated drum of the 
knurled knob 

The apparatus has been designed to permit 
measurements of positive ion scattering by placing 
the atom gun at ground potential, the filament at 
variable positive potential, and the anode and 
cathode at appropriate potentials with respect to 
the filament, thereby eliminating the ion mirror 
action of the grounded scattering chamber. It is 
therefore necessary to provide for both flexibility 
and high voltage insulation of the filament and 
anode leads in the section of the filament adjuster 
above the vacuum tight bellows plate. This is 
accomplished by fastening coiled, stranded lead 
wires to the ends of the rigid leads from the fila- 
ment and anode and encasing each of the three 
coils in wells drilled in a Lucite plastic cylinder 
which fits inside the adjuster housing and rests 
on the top bellows convolution A Lucite diik 
covers the cylinder making it impossible for any 
portion of a coil to leave its well since the point 
at which the lower end of each coil is fastened to 
its rigid lead never leaves the well. At the top of 
the Lucite cylinder each stranded lead wire is 
held by the disk in a groove which leads into 
holes in the cylinder walls. The wire is fed 
through these holes and out through openings in 
the brass housing. Bakelite bushings prevent 
the leads from shorting to the brass walls. A 
Bakelite annular ring, suitably partitioned to 
segregate the three leads, is anchored to the 
housing and receives a conduit carrying leads 
from the filament and anode power sources 
Soldered connections are made inside the parti- 
tions of the annular ring simply by removing the 
top cover. 

The most suitable filaments were found to be 
standard oxide coated filaments used in type 
866A mercury rectifier tubes. The filaments 
were kindly supplied without charge by the 
Radio Corporation of America 

The cathode, 3, was machined from aluminum 
and provided with cooling fins, one of which is 
%" thick as compared with for the remainder. 
The cathode is supported about -fo" above the 
atom gun by three W diameter Isolantite 
ceramic rods. These pass through holes, spaced 
120° apart, drilled through the bottom four fins 
and seat, at their upper ends, in the thick fin, 
while their lower ends rest in the floor of the arc 
section. The thick cathode fin also contains a set 
screw for fastening the cathode lead. The hemi- 


spherical screen grid, 5, which focuses positive 
ions on the atom gun, 6, is fastened over a l /i' 
opening in the bottom of the cathode by a close 
fitting aluminum cap with a J4" center hole. 

The anode is a cap machined from aluminum 
of size sufficient to permit at least -fo" clearance 
between any point on it and any point on the 
cathode It is provided with a ledge and periph- 
eral boss to locate it between two rings of lava 
which are fastened to the flange of the filament 
adjuster. The arrangement insures proper align- 
ment of the anode relative to the cathode A 
second boss toward the center of the anode is 
tapped to receive the phosphor bronze spring lead. 

The aluminum atom gun, shown in greater 
detail in Figure 2A, is 1%" in diameter across the 
face and 1%" long. The central canal is 0 020" 
in diameter and 0 120" long and is well rounded 
on the top to reduce discharge to the cathode. 
An insulating bushing, machined from a low 
vapor pressure plastic, Teflon, separates the atom 
gun from the aluminum insert which threads 
into the lower flange of the arc section and sup- 
ports the scattering chamber, 7 The high voltage 
lead enters through a metal-glass seal in the 
scattering section and is connected to a brass 
washer held by spring contact against the bottom 
of the atom gun A glass ring, fastened to the 
bottom of the aluminum insert, holds and insu- 
lates the high voltage washer contact. Pressure 
against the washer is obtained by forcing the 
atom gun down against the tension of the springs 
with a lava ring which bears on the face of the 
gun. The under surface of the gun face and the 
upper and under surfaces of the bushing into 
which the gun fits are made as smooth as possible 
to minimize leakage of gas from the arc section 
to the scattering section 

The scattering chamber consists of two parts 
which are soldered together The upper section 
is cylindrical in shape and contains a 0.020" 
entrance hole for the beam Twenty J4" holes, 
equally spaced, have been drilled around the 
periphery of this section to permit rapid pumping 
of the region between the atom gun and the en- 
trance to the scattering chamber. Two of the 
holes have been converted into a slot to permit 
passage of a glass vane, W wide, 1H" long and 
1/32" thick, which serves as a shutter to cut out 
the beam. The vane is moved in and out of the 
beam by a helical drive bellows arrangement not 
shown in the figure. The bottom section of the 
scattering chamber is 2%" square with an annular 
ring 2j^" O. D. and wide which telescopes 



106 


AMDUR, CLICK AND PKARLMAN 


into the upper section. The bottom section con- chamber are shown in Figure 2A and in Figure 
tains the exit slot for the beam and two adjustable 2B in which the bottom section of the scattering 
jaws which cover the slot to form a long, narrow chamber has been turned through 90° to show 
slit The important dimensions of the scattering the manner in which the jaws close over the exit 



Fionas; 8. Details of atom gun, scattering chamber, and detector A Critical dimensions and distance 
relations B. Scattering chamber exit slit jaws 
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slot to form the exit slit The pressure of the 
scattering gas in the region between the upper 
and lower sections of the scattering chamber is 
measured with a self-contained, compensated 
Pirani gage which also forms part of a circuit for 
measuring the temperature of the scattering gas. 
The details of this gage will he described under 
performance characteristics of the apparatus 

Two condenser plates, 8, sweep out of the beam 
any electrons or positive ions resulting from ioni- 
zation action of high speed neutrals, as well as 
electrons emitted by metallic surfaces upon being 
struck by high energy particles The plates are 
made of chromium plated brass and are long, 
wide, and 1/32" thick. They are so placed 
that the separation distance between the inside 
faces, 0 080", is symmetrical about the beam, 
while the length is asymmetrically distributed 
about the beam, about on the side toward the 
vacuum system. Potential differences up to 2000 
volts may be impressed across the condensers 

The neutral beam intensity is measured by the 
detector, 9, (to be described later) which is 
mounted on a movable slide, 10. Longitudinal 
motion of the detector, in the direction parallel to 
the length of the exit slit, is obtained with a 
worm drive bellows arrangement, 14, which per- 
mits 2" of travel, 0 3" on the vacuum system side, 
and 1 7" on the worm drive siefe of the beam axis 
A micrometer measures the position of a hardened 
steel ball spun into the center of the movable 
piston actuated by the worm drive, thereby 
determining relative longitudinal positions of the 
detector to 0 0005". A 50 pound counterweight 
is suspended from stranded brass cables, 22, over 
a pulley system, to balance the inward thrust of 
the atmosphere and permit easy motion of the 
worm drive Transverse motion of the detector, 
in the direction perpendicular to the length of the 
exit slit, is obtained with a small micrometer 
bellows drive whose shaft is attached to the other 
movable slide, 1 1, of the detector carriage This 
arrangement permits transverse motion of the 
detector of about 0 040" on either side of the 
beam axis and enables relative positions to be 
determined to 0.0005" 

A 12 bolt, lead gasketed, flange combination 
connects the scattering section to the vacuum 
system consisting of a 4 inch oil fractionating 
diffusion pump, equipped with a water cooled 
baffle and backed with a Hypervac-20 forepump 
The diffusion pump is protected against failure 
of its cooling system or excessive rise in fore- 
pressure 14 The pumping speed of the vacuum 


system is estimated at 100 liters of air per second 
(the decrease from 275 liters per second, the 
nominal rating of the diffusion pump, is due to 
the presence of the baffle) and is sufficient to 
maintain a pressure of 6 x 10 - ® mm. of helium in 
the scattering section with a helium pressure of 
0 1 mm. in the arc section A tube, 15, leads 
directly from the scattering section to an ioniza- 
tion gage which reads the low pressures in this 
section of the apparatus 
There are several features of the scattering 
section not shown in Figure 1 or previously 
described. These include six metal-glass seals for 
taking out the electrical leads from the scattering 
chamber Pirani gage network and the condensers 
and a Pyrex observation window 2^" in diameter 
and thick which is clamped and gasketed in 
a 12 bolt flange on a large tubulation in the wall 
of the scattering section 

Separate gas supply systems are provided for 
the arc section and scattering chamber to permit 
scattering experiments for systems of unlike 
molecules When possible, the gases are stored 
in small, high pressure steel cylinders, connected, 
through reducing valves, to the shut off valves, 
16, which segregate the gas in the 500 cc. ballast 
tanks, 17, from the main supply, and are useful in 
preventing the pressure in the ballast tanks from 
building up in the event of a leak across the 
reducing valves of the storage cylinders The 
flow of gas is regulated by the needle valves, 19, 
which have 500 1 tapers and provide accurate 
control of the pressure m the arc section and 
scattering chamber. The throttled gas streams 
enter the apparatus through a second pair of 
shut-off valves, 20. Pump-out valves, 18, are 
provided for evacuating the ballast tanks before 
Ailing them to a pressure slightly above atmos- 
pheric. A by-pass valve, 21 , permits the scattering 
chamber to be quickly evacuated to obtain un- 
scattered beam intensities for comparison with 
scattered beam intensities All valves are pack- 
less, either diaphragm or bellows type, are made 
from brass forgings or machined from brass stock, 
and are individually tested for vacuum tightness 
Except for the diffusion pump protection de- 
vice and a motor-generator set which supplies 100 
volts and 200 volts D C for the anode and cath- 
ode, all electrical controls and power supplies are 
housed in a standard, mobile relay rack. Switches 
for the arc section are high voltage relays, oper- 
ated from 6 volt transformers, which reduce 


M I Amdur, Rev Sci Inst 18 , 66 (1947) 
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danger of shock as well as arcing difficulties 
encountered when slow moving, conventional 
switches are used in high voltage, high current 
circuits. The use of separate 100 and 200 volt 
D. C. generators (instead of the laboratory D. C. 
mains) permits the anode and cathode to remain 
at their same potentials relative to the filament 
when the atom gun is grounded and the filament 
raised to variable positive potential in the meas- 
urement of positive ion scattering. The beam 
apparatus has been mounted on a steel angle iron 
frame which rests on large bakelite supports and 
is electrically isolated, since water leads to and 
from the arc section and diffusion pump are inter- 
rupted with 12 inch sections of glass tubing. It 
is therefore possible to place the entire apparatus 
at positive or negative potential for special 
purposes such as a study of the effectiveness of 
the top surface of the scattering chamber as an 
ion mirror Figure 3 is a photograph of the beam 
apparatus and its electrical controls. The diffu- 
sion pump is concealed by the panel of ballast 
tanks and valves for the gas supply systems, and 
a special galvanometer amplification arrange- 
ment 11 for measuring the detector response does 
not appear since it is in a section of the laboratory 
removed, as far as possible, from the electrical 
fields of the generators and power supplies. 

2. Performance Charactenetics of the Apparatiu 
a. Detector Chnrnnterishcn 
Twi types of beam detectors have been built 
which operate by converting the kinetic energy 
of the high velocity beam particles into heat 
One type is a single junction radiation vacuum 
thermocouple 1 * and the other, a compensated 
vacuum bolometer 17 Three vacuum thermo- 
couples of different construction have been 
investigated. One, A, contains a circular re- 
ceiver 0.279 cm. ih diameter supported by one 
Chromel P and two constantan wires and masked 
with a circular opening 0 163 cm. in diameter; 
the second, B, contains a circular receiver 0 102 
cm. in diameter supported by one Chromel P 
and one constantan wire and masked with a cir- 
cular opening 0.051 cm. m diameter; and the 
third, C, which contains no receiver, was made 


“I. Amdur and H. Pearlman, Rev. Sci Inst 9, 194 
11938). 

11 1. Amdur and H Pearlman, Rev. Sci. Inst. tO, 174 
(1939). 

17 1. Amdur and C F. Glick, Rev. Sci. Inst IS, 117 
(1945). 


by using a condenser discharge to butt weld a 
0 0015 cm. diameter Chromel P wire, 0 318 cm 
long, to a 0 0013 cm diameter constantan wire, 
0.318 cm. long, and is masked symmetrically 
about the weld with a rectangular opening, 0 051 
cm. wide and 0 635 cm. long, whose long axis is 
perpendicular to the thermocouple The welded 
detector has been used for most of the preliminarj 
measurements with the present apparatus and is 
shown in Figure 2A in the axis of the beam path 
The wires in thermocouples B and C are soldered 
to copper hemi-cylinders, separated by a mica 
spacer 0.001" thick and pressed into a brass con- 
tainer which is insulated from the copper inserts 
by additional 0.001" mica spacers. The bolom- 
eter, D, has a detecting element consisting of a 
blackened platinum wirp 5.6 x 10"* cm in diam- 
eter and 0 476 cm long which, like the welded 
thermocouple, acts as its own receiver The 
detectors were tested by irradiation m vacuum 
with light from a standard lamp in accordance 
with previously described procedures '*• 17 The 
chief purpose in building the four detectors was 
to provide a method of varying the angular 
aperture of the detecting system since it has been 
shown'* that experimentally determined cross- 
sections are functions of this aperture 

The results of room temperature tests on the 
four detectors are summarized in Table I The 
angular apertures are the half angles subtended 
by the detector with respect to a point on the 
beam axis in the center of the gas confining 
region of the scattering chamber, namely, 0 253 
cm. below the top surface of the upper section. 
These apertures differ by less than one per cent 
from values computed by averaging linearly over 
the 0 506 cm, distance which the beam travels in 
passing through the upper and lower sections of 
the scattering chamber. The radiant energy ab- 
sorbed per second by each detector is given by 
7.22 x 10"* x 0 67 x exposed area since the tabu- 
lated responses have been reduced to a common 
energy density falling per second on each detec- 
tor, namely, 7.22 x 10“* watts/cm J The detec- 
tors also have a common absorptivity, 0 67, 
which is characteristic of their aquadag coatings 


11 H. S. W. Massey and C B O. Mohr, Proc Roy 
Soc. AHt, 434 (1933) H 8. W. Massey and C. B. 0 
Mohr, reference 4 R G. J. Fraser and L. F. Broad- 
way, Proc. Roy Soc. Am, 626 (1933) L F Broad- 
way, Proc. Roy. Soc Am, 634 (1983). W H Maw, 
Phys. Rev. 46, 773 (1934) S. Rosin and I I Rabi, 
Phys. Rev. 48, 373 (1935). 
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Detector 


Angular Aperturo 


2 35 degroea 
44 0 minutes 
1 21 minutes 
28 9 seconds 


TABLE I 

Character! »tic* or Beam Detectors 


Exposed Area 
(cm >) 

2 09 x 10-> 

2 04 x 10-> 

7 14 x 10-* 

2 67 x 10-* 


Power Absorbed 
(watts) 

1 01 x 10-* 

9 85 X 10-* 

3 45 X 10-* 

1 29x10-* 


Response 

(volts) 

1 73 x 10-* 
6 37 x 10-* 
1 56 x 10-' 
1 28 x 10-* 


Sensitivity 
(volts/watt) 
1.71 
6 47 
45 2 
99 2 


For each detector, the room temperature sensi- 
tivity is constant with respect to radiation 
density flux m the range 0 to 7 22 x 10 -5 watts/ 
cm.’ by actual test. 

In the case of a bolometer, the response is a 
function of the heating current. The value given 
for detector D in Table I is the maximum response 
and was obtained with a heating current of 0 92 
milliamperes which produced a temperature rise 
of 55°. 

b Arc Charactensticn 

Since, to date, helium has always been used 
both in the arc section and in the scattering 
section, the performance characteristics of the 
apparatus refer to that gas. For other gases, the 
characteristics would differ in specific detail but 
not in general character. 

After inserting a new filament, the large bj- 
pass valve, 13, is opened and both sections of the 
apparatus are evacuated to a pressure below 10~* 
mm. The filament is then “broken in” by careful 
heating to decompose its carbonate mixture coat- 
ing into an active oxide coating After the 
activation of a new filament, which requires about 
15 minutes, the by-pass valve is closed and gas is 
admitted to the arc section at a pressure of about 
0.4 mm. The anode and cathode are then shorted 
together and connected to the 100 volt D. C. 
source so that an arc is struck between the fila- 
ment and the shorted electrodes. The shorting 
procedure has been found helpful in starting the 
arc, presumably because it provides a very much 
greater anode surface and eliminates the negative 
field which tends to return electrons to the fila- 
ment. The arc is run in this manner until condi- 
tions become stable, after which the cathode is un- 
shorted from the anode and operated at its proper 
negative potential It is extremely important to 
prevent the anode voltage from rising much 
above 40 volts, otherwise bombardment of the 
filament by large currents of high energy positive 
ions will strip the oxide coating and deactivate 
the filament. The tendency toward high anode 
voltages is very pronounced when a new filament 
is first used, due, possibly, to gaseous impurities 


liberated from the metal surfaces upon bombard- 
ment by ions. The situation is remedied by 
evacuating the arc section through the large 
valve to eliminate the impure gas mixture. After 
several cycles in which the arc is restarted follow- 
ing the removal of impure gas, the anode voltage 
assumes a value of 40 volts or less and the arc 
continues to start and operate satisfactorily as 
long as air, or other harmful foreign gas such as 
water vapor, is not admitted to the arc chamber. 
This is accomplished by keeping the entire appa- 
ratus under high vacuum when the arc is not 
operating It is because of the necessity for 
keeping the vacuum pumps in constant operation, 
that the protection device for the diffusion pump 
has been included in the apparatus. About 10 
hours of arc operation are required to stabilize 
the arc and metal surfaces after insertion of a new 
filament, after which about an hour is required 
each time the arc is restarted after a shut down 
period exceeding several hours After the 10 
hour conditioning period, it is possible to decrease 
the gas pressure in the arc section to about 0 2 
mm. to obtain larger detector responses without 
loss of arc stability There is some evidence that 
the insertion of a copper liner inside the cathode 
results in lower anode voltages due, possibly, to 
the relative ease, compared to aluminum, with 
which copper sputters. The sputtering of the 
copper tends to produce a clean cathode surface, 
but since some of the sputtered metal deposits on 
the cooler turns of the filamentand covers active 
oxide, much of the advantage with respect to 
increased filament life is probably lost. With 
proper precautions such as those described, 
filament life in excess of 100 hours can be obtained 
The following record of the first 19 running 
hours of an arc using a copper lined cathode and 
a filament which lasted for 98 running hours, 
illustrates average. satisfactory arc behavior dur- 
ing the early life of a filament 
Typical atom gun-detector characteristics (ob- 
tained with the detector in the beam axis and the 
scattering chamber evacuated) for a properly 
functioning apparatus are shown in Figure 4 and 
correspond to the following arc conditions: 
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TABLE II 

Abo Characteristics Following Insertion or a New Filament 
Time Prenure Filament Anode Cathode Remarks 

Hr. Min. Mm Amp Volts Amp Volts Amp. Volts 

0 6 x 10-* 3007 — — — — Activation of filament 

Large bv-pass valve open 

2 lx 10- 4 4 0 1 4 — — 


7 6x10-* «0 31 — — — — 

9 lxlO-* 7 0 3 76 — — - — 

14 1X10-* 8 0 44 — — — — 

15 1 x 10- 4 7 0 3 75 — — — — 

18 0 42 7 0 3 7 1 0 21 Sh to anodo Large by-pass valve shut 

(Jas In aro section 

20 0 43 70 37 10 25 Shto anode Arc turned off Arc section pumped out 

25 0 27 7 0 3 7 1 0 21 Sh to anode Arc restarted 

39 O 43 7 1 3 7 0 85 52 0 08 140 Cathode unshorted 

42 030 70 37 10 42 0 08 142 Arc turned off Arc section pumped out 

1 2 4 x 10-* 7037 — — - — 

2 4 2 x 10-« 7037 — ■ — — — Difficulty in outgasslng 

2 35 0 31 8 0 4 3 0 4 5 40 0 08 140 Arc restarted 

3 60 0 40 8 0 4 3 0 60 33 0 08 144 

0 35 0 45 7 7 4 1 0 80 44 0 11 140 Arc turned off 


0 0 42 7 6 3 9 1 0 24 Shto anode Arc started next da\ 

20 0 35 7 5 3 9 0 85 36 0 13 120 Cathode unshorted 

4 5 0 31 7 5 4 0 0 90 29 0 14 120 

6 46 0 41 7 0 3 7 0 87 80 0 22 120 

8 6 0 31 7 0 3 7 0 79 37 0 22 124 Arc turned off Atom gun draws 2 ma at 800 volts 


0 0 42 7 5 4 2 0 90 38 0 22 120 Arc started next day 

2 3 0 41 7 5 4 2 1 0 29 0 25 118 Atom gun draws 2 1 ma at 800 volts 

4 33 0 30 7 0 3 8 0 80 38 0 28 120 Atom gun draws 2 4 ma at 800 volts 


pressure — 0 25 mm , filament — 7 5 amp , 4.65 
volts, anode — 1.38 amp., 32 volts, cathode — 0 30 
amp , 170 volts For a given arc pressure, 
curves of the same shape are obtained for differ- 
ent steady arc conditions. 

The curves in Figure 4 can be fitted with the 
following relations 

/ = 0 40 + 200% 10~ 8 F milhamperes (A) (3) 
E/I - 1 48 x 10- J 

^2 st * ir'F microvolts/milhampere (B) (4) 
E = (5.92 x 10~* 

•+• 2 96 x 10 -, F) e 2 “ x 10 “‘ v microvolts (C) (5) 

where I, is the atom gun current, E, the electro- 
motive force of the detector, and V, the atom gun 
voltage For the particular geometry of the 
present apparatus, these results indicate that at 
low voltages the efficiency of neutralization 
(defined as the fraction of energy striking the 
atom gun which appears in the form of high 
speed neutrals) decreases with increasing voltage 
while at higher voltages the efficiency increases, 
due, possibly, to improved focusing by the 
screen grid. This conclusion is obtained in the 
following way. 

The fraction, F, of atom gun energy which is 
converted into neutral beam energy is aEj(IV) 


where a is a voltage independent constant 
characteristic of apparatus geometry This 
fraction is given by 

F = aE/(IV) m * wvrjv (6) 
where b = 1.48 x 10~*a, and the rate of change of 
the fraction by 

dF/dV = F( 2.85 x lO” 8 - 1/V) (7) 

This rate of change is negative below 350 volts 
and positive above, suggesting the previously 
mentioned change in efficiency of neutralization 
with increasing voltage. 

For a different set of arc conditions, namely, 
pressure — 0.24 mm.; filament — 7.5 amp., 4.5 
volts; anode — 0 81 amp, 40.5 volts; cathode — 
0.24 amp., 172 volts, the same general results 
were obtained, as shown by the following re- 
lations: 

I — 0 32 + 1 93 x 10 milliamperes (8) 
E/I - 1 57 x 10- 8 

g? B x io-*F microvolts/milliampere (9) 
E = (5.03 x 10- 8 

+ 3.03 xlO-*F)e>“ xl0 ~ ,v microvolts. (10) 
It is possible to obtain stable arc conditions and 
reproducible atom gun-detector characteristics 
for arc section pressures ranging from about 0.08 
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per cent at 009 mm. The decrease at higher 
pressures is probably due to scattering of high 
velocity ions on their way to the atom gun, and 
the decrease at low pressures, to the smaller 
number of positive ions which pass through the 
screen in preference to being neutralized at the 
cathode walls, as suggested by enhanced cathode 
currents at low pressures Whenever possible, 
therefore, an arc section pressure of about 0.2 
mm. is used to obtain maximum detector re* 
sponses for any given set of arc conditions 

c. Pirani Gage Characteristics 

The self-contained Pirani gage which measures 
the pressure of gas in the scattering chamber has 
been described in detail elsewhere. 19 It consists 
of a platinum wire, 1.37 x 10~* cm in diameter 
and 4.57 cm. long, suspended between the upper 
and lower sections of the chamber A platinum 
wire compensator, in thermal contact with the 
walls of the scattering chamber, and two fixed 
manganin resistors are combined with the gage 
wire to form a Wheatstone bridge network which 
is in balance when the gage wire is about 2 
degrees hotter than the compensator. For a 
given compensator temperature and a given gas, 
the scattering pressure is a single valued function 
of the bridge current at balance. Over a limited 
pressure range, it is possible to use an empirical 
relation which, for the present type of gage net- 
work, has the simple form 

P = aI B ’ - b (11) 

where P is the pressure and Ig, the bridge current 
at balance The constants a and b are character- 
istic of each gas and depend only upon the 
temperature. This temperature dependence may 
be deduced in the following manner. 

When current, /, flows through the Pirani gage 
wire of resistance R, the energy balance may be 
written in the form 

FR~A + B + C+D (12) 

where 

A «* radiation loss 

B ” wire conduction loss at zero pressure 
C “ additional wire conduction loss at pressure P 
D m gas conduction loss at pressure P. 

The heat flow problem formulated in Equation 
(12) has been previously analyzed in discussing 
the characteristics of a compensated bolometer, 17 

19 1. Amdur, M. M. Jones and H. Pearlman, J. Chem. 
Phys. It, 159 (1944). 


and the results obtained indicate that, for the 
present gage, C may be treated as a constant 
small fraction (about 0.1) of D for pressures up to 
about 0.1 mm., the probable upper limit of 
scattering pressure which will be used in the 
apparatus Equation (12) may therefore be 
written 

PR = UR + KaPAtlT * (13) 

where /o is the current through the gage wire at 
zero pressure at bridge balance, a, the accommo- 
dation coefficient of the gas on the gage wire, 
Al, the average temperature excess of the gage 
wire with respect to the compensator at tempera- 
ture i, 7, the average gas temperature (which 
may be set equal to 273 + t + Af/2 or 274 -f f). 
and K, a constant for each gas which is independ- 
ent of both temperature and pressure 

The current which is read in the apparatus is 
not the gage wire current, J, but the total bridge 
current, h, whose relation to / is expressed by 

t In f 

1 " 2 525 (1 + 2 12 x 10“»(< - 26)] ^ 

The gage resistance, R, and the average tempera- 
ture excess, At, are temperature functions given 
by 

R = 36.483 (1 + 3 60 x 10~»(< - 26)] ohms (15) 
and 

At - 2.114 [1 + 3 63 x 10->(< - 26)] degrees. (16) 
Since 26° C was the reference temperature at 
which the bridge characteristics were determined, 
the corresponding reference value for 7 must be 
taken as 300° K , whereupon Equation (13) 
reduces to 

h* = W+ K'ctP [1 + 2.60 x 10-»(f - 26)] (17) 
where K' = K/46.8S and where I B ( o> by actual 
measurement is found to conform to the relation 
I am = 1.977 [1 + 3.69 x 10~*(f - 26)] milli- 
amperes (18) 

Equations (17) and (18) lead to the following 
equation for converting a bridge current, I B i 
measured at temperature t and pressure P, to a 
corrected current, h*> referred to 26° C and the 
same pressure. 


1 + 2.60 x 10~*(< — 26) 

- 18.7 x 10-*(t - 26) (19) 


Equation (17) does not transform directly into 
Equation (11) because the accommodation coeffi- 
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cient, a, is pressure dependent in the range of 
present interest, 0 — 0.1 mm.’ 0 Yet, calibration 
results for ten gases, when corrected by Equation 
(19) to 26° C., gave very satisfactory straight line 
plots of P vs in the pressure range 0.008 — 
0.12 mm., showing that the form of Equation 
(11) is valid The ratios of b/a did not equal 
/s( o)**, (1.977 ma.), 1 however, and the straight 
line relation must therefore be considered em- 
pirical. That it is obtained at all is probably due 
to the fact that no attempt was made to force the 
constants a and b or the ratio b/a to adhere to 
theoretical or predetermined values and that the 
moderate pressure dependence of a was therefore 
absorbed in the mutual departure of a and b from 
such values 

The calibration results for the ten gases are 
summarized in Table III in terms of the values of 
the constants a and b in Equation (11) which 
define the best straight lines through the experi- 
mental points corrected to 26° C. Fifty experi- 
mental values were available in the desired pres- 
sure range, of which two, one each for helium and 
xenon, were discarded as being excessively m 
error. The second column lists the number of 
experimental values which were used in deter- 
mining the constants for each gas, while the last 
two columns record absolute deviations of calcu- 
lated pressures from experimental values 
TABLE III 


PlHANI UaG» CaUUKATION AT 20“ (' 
0 12 mm > F > 0 008 MM 


OM 


Helium 8 

Neon 5 

Argon 4 

Krypton 6 

Hydrogen 6 

Deuterium 5 

Nitrogen 5 

Carbon 

monoxide 4 


0 01003 0 04600 
0 01302 0 05406 
0 01607 0 00323 
0 02245 0 00160 
0 02770 0 1100 
0 006000 0 02700 
0 007336 0 03054 
O 009813 0 04023 

0 009771 0 04070 
0 01000 0 04027 


Dev 

% 


1 0 
1 8 
0 0 


Max. 

Dev 

% 

3 6 

1 9 

2 5 

2 7 
2 6 

1 3 

2 A 


At any temperature two readings of the bridge 
current are required to determine the scattering 
pressure. One reading, lam, at zero pressure 
serves to define l through Equation (18), so that 
the other reading, la, at pressure P, may be cor- 
rected to la* at 26° C through Equation (19). 
The values of a and b appropriate to the gas are 
then selected from Table III and combined with 
Ib* to calculate P from Equation (11). 


*» I. Amdur, J. Chem Phys H, 339 (1946) 


d Scattering Section Pressure Characteristics 

Whenever possible, the intensity of a beam 
which has been attenuated by passing through a 
layer of scattering gas is referred to the intensity 
of the unscattered beam to eliminate the difficult 
and unnecessary task 'of measuring absolute 
intensities When it is not feasible to obtain an 
intensity measurement at essentially zero scatter- 
ing pressure, the ratio of intensities at two known 
pressures serves equally well. This is illustrated 
by the following expressions for estimating the 
scattering mean free path at unit pressure and 
273° K , L v ,o f a beam particle which has traversed 
a uniform scattering region of length x 

Case 1 — Scattered intensity, /, at pressure P 
and temperature T, reference intensity, 7o, at 
zero pressure 

///„ = exp [- (273x/ L„)(P/T)] (20) 

Case 2 — Scattered intensity, Jj, at pressure Pi 
and temperature T\, re'ereme intensity, / 2 , at 
pressure P 2 and temperature f 2 

h/h - exp [- (273x/L,)(PJTi - P,/f a )] (21) 

In the present apparatus the 0 020" hole in 
the atom gun permits sufficient gas to flow from 
the arc section into the scattering section to 
cause significant scattering of the beam even when 
gas is not admitted into the scattering chamber, 
and the equivalent of Equation (21) must be used 
for mean free path calculations The relation of 
the scattering section pressure to the arc section 
pressure under these conditions was determined 
for helium from readings of the thermocouple and 
ionization gages and found to conform to the 
type of relation required for free molecule flow. 
The actual relation may be written 
Pbs° = 6-11 x IO^Pas (0.10 mm < P AS 

< 0.43 mm.) (22) 
where Pss° is the scattering section pressure of 
helium due to pressure P A s in the arc section 
when gas is not admitted to the scattering cham- 
ber Similarly, by eliminating the flow of helium 
into the arc section and admitting gas to the 
scattering chamber, the increase m scattering 
section pressure, APss, due to gas in the scatter- 
ing chamber at .pressure Pac was determined 
from readings of the Pirani and ionization gages 
The actual relation was found to be 

AP S s = 1 41 x lO-aPsc (0.009 mm. < P sc 

< 0.10 mm.) (23) 
so that the total scattering section pressure of 
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helium when gas is present in both the arc section 
and scattering chamber is 

P 8 s - 6.11 x 10~*P^s + 1 41 x 10-*P ac . (24) 

As previously indicated, the reference intensity 
measurement (when gas is not admitted to the 
scattering chamber) is accompanied by weak 
scattering of the beam through the distance from 
the atom gun exit to the detector, fi 103 cm., due 
to pressure Psa° as given by Equation (22). 
When gas is admitted to the scattering chamber, 
the scattering of the beam is no longer uniform 
due to the large difference in pressure existing 
inside the scattering chamber in comparison with 
that outside. Rosin and Rabi ls have shown that 
this type of non-uniform scattering may be 
treated by resolving it into component parts 
which, in the present case, may be characterized 
as follows 

1. Scattering from the atom gun exit to the 
scattering chamber entrance through 3.803 cm 
of gas at pressure P aa as given by Equation (24) 

2. Scattering in the cloud (cloud 1) formed by 
gas escaping from the entrance hole of the scat- 
tering chamber. 

3. Scattering in the circular entrance channel 
(0.051 cm. diameter, 0 079 cm long) of the 
scattering chamber. 

4. Scattering in the scattering chamber proper, 
a distance of 0 427 cm. from the rear of the en- 
trance hole to the slit jaws. (The area of the slot 
above the jaws is sufficiently large and its length 
parallel to the beam axis sufficiently short, to 
render negligible pressure drops occurring in it 
when the slit jaws are in position. 

5. Scattering in the exit slit which is actually 
a short, narrow rectangular channel. That the 
slit has significant length is due to the fact that 
the defining jaws do not have perfect knife edges. 
The cross sectional area of the channel is that of 
a rectangle, 1.00 cm. by 0.0025 cm., and its 
length is estimated to be 0 01 cm 

6. Scattering in the cloud (cloud 2) formed by 
gas escaping from the exit slit of the scattering 
chamber. 

7. Scattering from the scattering chamber exit 
slit to the detector through 1.734 cm. of gas at 
pressure Paa as given by Equation (24). 

The pressure distribution in the circular cross 
section entrance channel of the scattering cham- 
ber may be computed from formulas and tables 
given by Clausing* 1 for the free molucule flow of 


; P Clausing, Physica 9, 65 (1929) 


gases through a variety of openings As gas flows 
outward from the scattering chamber through 
this channel toward the atom gun, the pressure 
drops linearly m the 0 079 cm length from 

O. 79 Pac on the inner side to 0.21 P a c on the outer 
side so that the average pressure in the channel is 
0-50P.sc An exact method for calculating the 
pressure distribution in the cloud at the entrance 
channel of the scattering chamber does not seem 
to exist Fortunately, the scattering in the cloud 
is a small fraction of the total and very approx- 
imate estimates are sufficient The assumption 
of Rosin and Rabi, that the pressure in the cloud 
at its origin is half the pressure at the end of the 
channel, will be taken as the starting point In 
the present case, this leads to an origin value of 
0 105P.se Since most of the scattering of the 
beam will be confined to eery small angles, the 
inverse square intensity law, which is a special 
case of the cosine law of molecular effusion, will 
be used to estimate pressures in the cloud at dis- 
tances large in comparison with the channel 
radius This leads to 

P, (r) * 0 2lP S c(0 0255 /r) s (r > > 0 0255 cm ) 

(25) 

where Pi(r) is the pressure in cloud 1 at a distance 
of r cm. from its origin Equation (25) shows 
that the pressure in the cloud 0 310 cm from its 
source has already been reduced to a \alue 
indistinguishable from the inc rease in scattering 
section pressure due to gas in the scattering 
chamber, namely, 1 41 x 10 _s P«c The variation 
of pressure in cloud 1 over the entire 0 310 cm 
distance is adequately represented by the empiri- 
cal relation 

P,(r) = 0 105P.sc exp (- 13 9r) (20) 

As gas flows outward from the scattering cham- 
ber through the rectangular cross section exit 
slit toward the detector, the pressure drops 
linearly in the 0.01 cm length from 0 SOPsc on 
the inner side to 0.20Psc on the outer side, so that 
the average pressure in the short channel is 
0.50P a c. In analogy with the procedure used for 
cloud 1, the pressure at the origin of the cloud 
emanating from the exit slit, cloud 2, will be taken 
as 0 lOPsc and the pressure at distances large 
compared with the longest beam dimension 
(about 0.05 cm.) will be computed from 

P,(r) = 0.20P SC [0 0025/(xr*)]. (27) 

Equation (27) predicts that the pressure in cloud 
2 will reach the background value of 1.41 x I0~* 
Pac at r * 0.336 cm. The empirical relation 
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which adequately represents the pressure dis- 
tribution in the cloud over the entire 0.336 cm. 
distance is 

P»(r) = 0 100P.sc exp (- 12.7r). (28) 

Equation (21) may now be converted into a 
form applicable to the present scattering situa- 
tion by rewriting it as 
h/h - exp [- (273/1.) (Saejyr, 

- 3 73x10 -*P AS /T t )] (29) 
where L„ must be expressed in cm and where 
2x,P, is the sum of the effective values of xPi for 
the seven component parts which constitute the 
total scattered beam when gas is admitted to the 
scattering chamber. In detail 

0 310 

ZxiPi - 3.863P SS + J Pi(r)dr 

+ 0.079 x 0 50 P ac + 0.427P S£7 (30) 

0 386 

+ 001x0.50P sc + / Pi{r)dr + 1.734P SS 
o 

which, upon evaluating the integrals and elim- 
inating Psa through Equation (24), simplifies to 
Sar.P. - 3.42 x IO^Pas + 0 495P.sc. (31) 
The term 0.495Psc in Equation (31) represents 
the total scattering contribution of the gas 
which is admitted to the scattering chamber. 
The scattering in both clouds contributed but 3 
per cent to this total. 

Equations (29) and (31) may be combined to 
give an equation from which L r may be calculated 
from experimentally observable quantities, 
namely, 

h/h = exp [- (273 /L.) (3.42 x 10 -*P Aa /Ti 

-I- O.mPsdTx - 3.73 x IO-’Pas/Ii)] (32) 
In practice, 3.73 x 10~*Pas is not likely to exceed 
0.0015 (corresponding to a probable maximum 
arc pressure of 0.4 mm ) and 0.495 Pac is not 
likely to fall below 0 004 (corresponding to a 
probable minimum scattering chamber pressure 
of 0 008 mm ) Since 7) and 7j will seldom differ 
by more than one or two degrees, the ratio of 
| 3 42 x 10-‘Pas/7i - 3.73 x IO^Pas/Pj | to 
0 495 Psc/Pi will be about 1 : 32 in the most un- 
favorable case and (3 42 x 10 - * Pas/ Pi — 3.73 x 
10 ~*PabIT») may be replaced by — 3.1 x 10~* 
Paj/Pi with insignificant loss in accuracy so that 
Equation (32) may be simplified to 
Ii/It **= exp [— 135(Psc 

— 6.3 x 10 -4 Pas)/(I'»Pi)]. (33) 


It must be remembered that Equation (33) 
applies only if the following conditions are sat- 
isfied. 

1 Measurement of the reference intensity, I*, 
must be made with no gas admitted to the 
scattering chamber. 

2. Ti must be approximately equal to T%. 

3. Pac must not be appreciably less than 
0008 mm. 

4 Pas must not be appreciably greater than 

0 4 mm. Conditions 2, 3, and 4 will usually be 
automatically fulfilled because of present appara- 
tus characteristics. In the event that condition 

1 is not fulfilled, it is possible to modify Equation 

(33) to correspond to specific operating condi- 
tions. For example, if an experiment were 
conducted under the following conditions. 

1 Scattered intensity, 1), at scattering chamber 
pressure Pi sc and temperature T t , 

2. Reference intensity, It, at scattering cham- 
ber pressure Ptsc and temperature T%, 

3. Tj approximately equal to T s , 

4. Arc section pressure, Psa, unchanged during 
measurement of h and I t , 

the appropriate equation for estimating L r 
would be 

hflt - exp (- (135/L.) (Piac/Ti 

~ Ptsc/Tt)}. (34) 
Although the pressures in Equations (33) and 

(34) may be expressed in any convenient units, 
it is customary to use millimeters of mercury, in 
which case L, is the mean free path in cm. at 1 
mm pressure and 273° K For the present type 
of scattering system, the cross section, S„ corre- 
sponding to L, is given by 

S. = l/(ni.) (35) 

where n is the number of scattering particles, 
3.54 x 10", per cc. at 1 mm. and 273° K if L v is in 
cm. at 1 mm. and 273° K. Equations (33) and 
(34) may therefore be converted to 
Ii/h - exp [- 4 78 x 10'*(P SC 

- 63x10-«Pas) SjT t ) (36) 

and 

Ii/It - exp [- 4 78 x 10 "S. (Piac/Ti 

~ Ptac/Tt)} (37) 
respectively, for calculating S, in cm.* from 
pressures expressed in mm. 

e Preliminary Scattering Results 
Preliminary scattering measurements for he- 
lium in helium have been made for atom gun 
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Figore 5 Scattering of helium in helium (Reference beam— o, scattered beam — •) A, 1000 volt beam, 
B, 1200 volt beam 


voltages in the range 600-1200 volts In every 
ease the scattered and reference beams were 
probed in the transverse direction m steps of 
0.001" to obtain profiles showing the angular 
intensity distribution All reference intensity 
measurements were made with no gas admitted 
to the scattering chamber Typical results for 
1000 and 1200 volts (atom gun currents, 3.24 
ma. and 3.65 ma., respectively) are shown in 
Figure 5 where the abscissa is the transverse 
position of the detector (in thousandths of an 
inch) relative to the point of maximum intensity. 
The arc characteristics were the same for both 
sets of measurements, namely: pressure — 0 27 
mm ; filament — 7.3 amp , 4.40 volts, anode — 0.82 
amp., 41 volts; cathode— 0.24 amp., 160 volts. 
Similarly, the pressure, Psc, and temperature, T\, 


of the helium in the scattering chamber were the 
same in both sets, 0.0165 mm , and 281 7° K 
The temperature, 2», of the very low pressure gas 
in the scattering section during measurement of 
reference intensities was also 281 7° K. 

If a true point detector were used to probe the 
intensity of the beam, because of the circular 
cross section of the scattering chamber entrance 
channel, the transverse and longitudinal profiles 
of the beam would be the same within the average 
angular limit, about 7 degrees, determined by 
the geometry of the exit slit. However, the 
detector used to obtain the results in Figure 5 
has an effective exposed area of a rectangle 
0.0014 cm. wide and 0.051 cm. long. Since the 
long dimension is parallel to the length of the 
exit slit, transverse motion is essential to obtain 
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measurements under aperture conditions (1.21 
minutes) determined by the 0 0014 cm. dimension. 

The curves of Figure 5 show that the resolution 
of the detector is sufficiently high to obtain a 
precise pattern of the angular distribution of 
beam intensity in the very narrow range of angle 
to which most of the scattering is confined. For 
example, at both 1000 and 1200 volts, about 90 
per cent of the total reference beam intensity is 
confined to =fc 0 0035" of detector travel with 
respect to the maximum, corresponding to a 
symmetrical angular spread of 15 4 minutes about 
the beam axis. After scattering through 0 0165 
mm. of helium, about 75 per cent of the total 
reference beam intensity is retained in this same 
region at both voltages. 

By using ratios of peak intensities, it is possible 
to calculate L„ and S, at 1000 and 1200 volts 
from Equations (33) and (36) and the values ob- 
tained are characteristic of the aperture de- 
termined by the width of the detector. If, 
instead of peak intensities, areas under the curves 
are used, mean free paths and cross sections are 
obtained which are characteristic of larger 
apertures determined by the abscissas which 
bound the ureas. Thus, the use of a single 
movable detector of sufficiently small aperture 
can be used to obtain total collision scattering 
information characteristic, either of its own 
aperture, or of a series of detectors of larger 
aperture. This procedure is illustrated by the 
results m Table IV which compares values of 
L, and S, calculated from peak intensities with 
those calculated from areas corresponding to 
± 0 0035" of detector travel. 




Volta*® 

I, II, 

Aperture, min 

and 273* K.) 
Sv, 10’» em • 


TABLE IV 

or Aperture on L w and S v 

Peak Integrated 

Inteniitlea Intensities 

1000 1200 1000 1200 

0 778 0 818 0 801 0 833 

1 31 1 21 IS 4 IS 4 

0 0312 0 0390 0 0353 0 0428 

9 08 7 24 8 00 8 60 


Although extended measurements on the scat- 
tering of high velocity neutral helium atoms are 
contemplated, the preliminary typical results of 
Table IV, coupled with previous collision cross 
section measurements of Amdur and Pear!man, u 
indicate that the present apparatus is capable of 
supplying quantum mechanical cross sections 
corresponding to the limit of zero aperture. For 
example, at 1000 volts, the previously determined 


value of S, was 0.9 x 10 -1 " cm. s at an average 
aperture of 2.25 degrees. When this aperture is 
reduced by about 9 fold, to 15.4 minutes, a cor- 
respondingly large increase (about 9 fold) in S„ 
results and a value of 8.00 x 10~ w cm.’ is obtained. 
Massey and Mohr 11 have shown, on theoretical 
grounds, that a large increase in total cross sec- 
tion should occur as the aperture is decreased 
from large values where the scattering is classical, 
to small values where diffraction arising from the 
de Broglie wave character of the scattering 
system produces extremely high intensity small 
angle scattering. They further show that the 
cross section should approach a finite limit as 
the aperture approaches zero, instead of increasing 
indefinitely as predicted by classical theory. The 
results of Table IV confirm the existence of this 
limit, since a further decrease in aperture of 
approximately 13 fold (from 15.4 min. to 1.21 
min.) merely increases S, by 13 per cent, from 
8 00 x 10“ w cm * to 9.05 x 10~“ cm.* In general, 
it is felt that the character of the curves in Figure 
5 (high symmetry and overall small scattering of 
points) and the results of Table IV confirm the 
expectation that the present apparatus will be 
capable of supplying scattering results for high 
velocity beams of the same high quality as those 
obtained by Mais 1 * and by Rosin and Rabi 1 * for 
thermal velocity beams of alkali metals. 

D. Summary 

An apparatus has been described for producing 
and scattering high velocity neutral particle 
beams with energies of 200 to 2000 electron volts. 
Special features of the apparatus include the use 
of detectors with small angular apertures, as low 
as 28.9 seconds of arc, isolation of the scattering 
gas in a small fraction of the distance between 
beam source and detector in order to define the 
angular aperture more sharply, and facilities for 
accurately probing the beam to obtain measure- 
ments of intensity as a function of angle. Ex- 
tended tests of the apparatus have been made and 
performance characteristics of vital sections have 
been given to illustrate the quality of control of 
which the apparatus is capable and the range of 
variables which can be covered. Typical pre- 
liminary results for 1000 and 1200 volt helium 
atoms scattered in helium have been presented 
and analyzed. It is concluded that the present 
apparatus is capable of supplying scattering 
information of the same high quality as that 
available for thermal velocity beams. 
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One Thousand Two Hundred end Ninsty-Sixth Meeting 

October 1 ] , 1944 — Stated Meeting 
The Academy met at its House at 8 30 P M 
The President m the Chair 
There were present fifty-nine Fellows and 
twenty guests 

The records of the meeting of May 10 were 
read and approved 

The Corresponding Secretary reported the 
receipt of letters accepting Fellowship from the 
following - Isadore Atndur, Adolf Augustus Berle, 
Jr , Douglass Vincent Brown, William Bell Dins- 
moor, Henry Grattan Doyle, Maxwell Finland, 
Carl J Friedrich, Raymond Bliunc Fosdick, Paul 
Rupert Gast, Walter Gropius, Arthur Robert \on 
Hippcl, Ernest Martin Hopkins, Columbus 
O’Donnell Iselin, Janies Rhjne Killian, Jr. 
Ronold Wyeth Percival King, Clyde Kay Maben 
Kluckhohn, Eugene Markley Landis, Ambrose 
Lansing, Elias Avery Lowe, Saunders MacLane, 
William Malumud, Richard \on Mises, Charles 
Rufus Morey, John von Neumann, Linus Curl 
Pauling, Hugh Miller Raup, Albert Charles 
Smith, Harald Ulnk Sverdrup, Karl Terzaglu, 
George Widmer Thorn, La Rue Van Hook, Karl 
Vietor, Sarah Wambaugh, Edgar Bright Wilson. 
Jr., Charles Edward Wilson, Herbert Eustis 
Winloek, and from Amado Alonso, Ezequicl 
Ordofiez, and Daniel Cosfo Villegas accepting 
Foreign Honorary Membership, also letters 
declining Fellowship from Vera Micheles Dean 
and Leverett Saltonstall 
He also reported the receipt of a letter from 
Melvin T Copeland resigning Fellowship 

The Corresponding Secretary reported that the 
Council had accepted the Report of the Com- 
mittee of the Permanent Science Fund in which 
four grants in aid had been made 

1. To Charles A. Berger, Professor of Cytology 
and Head of Biology Department, Fordham 
University, for assistance in continuing studies 
of the effect of nutrients upon Chromosomes, 
$ 500 . 

2. To T. T. Chen, Lecturer m Zoology, Uni- 
versity of California, Txis Angeles, for assistance 


in furthoi studies on Cy togenetics of Protozoa, 
$250 

3 To C. T Hurst, Director of Museum, 
Western State College of Colorado, for assistance 
and necessary travel in expanding his archaeo- 
logical explorations in Colorado, $300 

4 To J Schiller, Fearing Research Laboratory, 
Free Hospital for Women, Boston, for expendable 
materials and assistance in studies on steroid 
hormones, $500 

After the introduction of new Fellows, the 
following communication was presented 
Howard Mumford Jones. The American Acad- 
emy its Status and Prospects 
The following papers by P. W Bridgman were 
read by title The Compression of 61 Solid Sub- 
stances to 2d, 000 ky/cm ?, Determined by a New 
Rapid Method; The Compression of Twenty-one 
Halogen Compounds and Eleven Other Simple Sub- 
stances to 100,000 kg I cm" 

The meeting was dissolved at 9 50 P M 
One Thousand Two Hundred end Ninety-seventh Meetin* 

November 8. 1944 — Stated Meeting 
The Academy met at its House at 8*20 P M 
The President in the Chair 
There were sixty-two Fellows and thirty-one 
guests present 

The records of the meeting of October 1 1 were 
read and approved 

The Corresponding Secretary announced that 
the President had been authorized to appoint a 
commission of five Fellows to study the functions 
of the Academy 

The Corresponding Secretary reported that 
Reid Hunt and Archibald T. Davison have been 
transferred to the status of Fellows Emeriti 
Frederick H Pratt called attention to E. L 
Mark’s sixtieth anniversary as a Fellow and 
stated that the Council had voted to send him a 
note of congratulation • 

After the introduction of new Fellows the 
following communications were presented 
Edwin J. Cohn • Blood Is a Very Special Juice 
Charles A. Janeway The Use of Blood and 
Blood Derivatives m Medicine 
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Franc D Ingraham The Use of Blood Deriva- 
tives in Surgery. 

The meeting was dissolved at 10 25 P M 
One Thousand Two Hundred and Ninety-eighth Meeting 

December 13, 1944 — Stated Meeting 
The Academy met at its House at 8 '25 P. M 
The President in the Chair 
This meeting had been designated as Ladies’ 
Night, and there were present more than two 
hundred and fifty Fellows and guests 
The records of the meeting of November 8 were 
read and approved 

The following communication was presented 
Francis Henry Taylor- The Problem of Salvage 
and Restitution of the Artistic Treasures of Europe 
An exhibit, Quartz Goes to War, was on view m 
the office, Mr. Ernest R Bohro, of the August E 
Miller laboratories, being the demonstrator 
The meeting was dissolved at 9 40 P. M 

One Thousand Two Hundred and Ninety-ninth Meeting 

January 10, 1945 — Stated Meeting 
The Academy met at its House at 8 20 P. M 
The President in the Chair 
There were present twentv-mne Fellows and 
fourteen guests 

The records of the meeting of Decemhei 13 
were read and approved 
The Corresponding Secretary announced that 
the Council had appointed Harlow Shapley as 
Chairman of the Rumford Committee in place of 
the late Norton A Kent 
The President announced that the Boston 
Institute for Religious and Social Studies will 
hold meetings at the house of the Academe on 
eight successive Tuesdays, beginning January 23 
The following communication was presented 
Karl Terzaghi Soil Mechanics 
There was an exhibit of Some Early New 
England Refractories used by Paul Revere in Aw 
Smelter at Norton, Mass , arranged by Professor 
Frederick H Norton, of the Massachusetts 
Institute of Technology 
The meeting was dissolved at 10 15 P M 
Ob* Thousand tad Three Hundredth Meeting 
February 14, 1945 — Stated Meeting 
The Academy met at its House at 8 20 P M 


The President in the Chair. 

There were present twenty-three Fellows and 
eighteen guests 

In the absence of the Recording Secretary his 
duties were performed by the Corresponding 
Secretary 

The records of the meeting of January 10 were 
read and approved 

The following communication was presented 

William Malamud A Psychiatric Approach to 
the Problem of Veteran Readjustment 

An exhibit of material concerning Massachu- 
setts veterans in former wars was arranged 
through the courtesy of the Harvard College 
Library 

The meeting was dissolved at 9 '45 P. M 

One Thousand Three Hundred and First Meeting 

March 14, 1945— Stated Meeting 

The Academy met at its House at 8 25 P M 

Vice-President Robinson in the Chair 

There were present forty-two Fellows and 
eighteen guests 

The records of the meeting of February 14 
were read and approved 

It was announced that the President had ap- 
pointed a Nominating Committee, as follows 
Bart J Bok, of Class I; Frederick K. Morris, of 
Class II, Chairman, Charles E Wyzanski, Jr., of 
(’lass III, Leonard Carmichael, of Class IV. 

Announcement was also made of the appoint- 
ment of a Committee to study the structure and 
operation of the Academy, in accordance with a 
\ote of the Council last November. This Com- 
mittee, which has already held two meetings, 
consists at present of four members Kirtley F 
Mather, Chairman, Curt J Ducasse, John W M 
Bunker, and Leonard Carmichael 

On the recommendation of the Council the 
following appropriations were voted for the year 
1945-1946 

From the incomo of the General Fund, 47,800, to be 


used as follows: 

for House expenses 42,600 

for General and meeting expenses 1,000 

for Library expenses 3,000 

for Treasurer’s expenses 1,200 

Total 47,800 


From the income of the Publication Funds, 42,400, 
to be used for publication 
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From tha income of the Rumford Fund, $3,370, to be 
used at the discretion of the Committee. 

From the income of the C. M. Warren Committee, 
$1,000, to be used at the discretion of the Committee 

The following communication was presented 
Douglas Bush . The Humanities and Science m 
Education in the Seventeenth and Twentieth 
Centuries. 

There was an exhibit of famous Renaissance 
treatises, loaned by the Houghton Library of 
Harvard University. 

The meeting was dissolved at 8 45 P. M 

One Thousand Three Hundred and Second Meeting 

April 11, 1945 — Stated Meeting 
The Academy met at its House at 8 27 P M 
The President in the Chair. 

There were present thirty-one Fellows and 
sixteen guests 

In the absence of the Recording Secretary, his 
duties were performed by the Corresponding 
Secretary 

The records of the meeting of March 14 were 
read and approved 

It was announced that an amendment to the 
Statutes establishing the Committee on the 
Permanent Science Fund as a standing committee 
will be submitted to the Academy for action at 
its meeting on May 9 

Announcement was made of the proposed 
Regulations for the Conference of Secretaries of 
the American Council of Learned Societies 
Approval of these regulations will be requested at 
the next Academy meeting. 

The following communication was presented 
Henry Allen Moe The Selection of Persons for 
Research Fellowships 

The meeting was dissolved at 9.42 P. M. 

One Thousand Three Hundred end Third Meeting 

May 9, 1945.— Annual Meeting 
The Academy met at its House at 8 20 P. M. 
The President in the Chair 
There were present forty-four Fellows and nine 
guests. 

The records of the meeting of April 11 were 
read and approved. 

The following reports were presented 


REPORT OF THE COUNCIL 
Since the last report of the Council there have been 
reported the deaths of seventeen Fellows: George 
David Birkhoff, Alexis Carrel, George Whiteley Cogge- 
shall, Alfred Victor de Forest, Edmund Burke Dela- 
barre, Carl Engel, Frederic Harold Fay, James Ford, 
Philip Fox, Roy Kenneth Hack, William Henry Howell, 
Walter Louis Jennings, Norton Adams Kent, Charles 
Francis Park, Robert Hallowell Richards, Frederick 
Slocum, William Trelease, and nine Foreign Honorary 
Members: Rt Hon James Richard Atkin, Sir Thomas 
Barlow, Godfrey Rathbone Benson, Baron Charnwood, 
Gustav Cassel, Sir Arthur Stanley Eddington, Sir 
William Napier Shaw, Aurel Stodola, Peter B Struve. 
Three Fellows have resigned Melvin Thomas Copeland, 
William Leonard Crum, Alan Richards Monts 
Twelve names have been added to the list of Fellows 
Ementi: Walter Bradford Cannon, Charles Townsend 
Copeland, Archibald Thompson Davison, Richmond 
Launn Haw kins, Frank Lauren Hitchoock, Reid Hunt, 
Charles Palache, Walter Raymond Spalding, Clair 
Elsmere Turner, Alfred North Whitehead, Edmund 
Allen Whitman, Frederick Shenstone Woods 
Thirty-nine Fellows and four Foreign Honorary 
Members were elected by the Council and announced 
to the Academy m May, 1944 All of these have ac- 
cepted them election with two exceptions — Vera 
Micheles Dean and Ieverett Saltonstall — who declined 
The roll now includes 707 Fellows, 17 Fellows 
Ementi, and 113 Foreign Honorary Members (not 
including those elected in May, 1945) 

REPORT OF THE TREASURER 
{Extract) 

lu the absence of the Treasurer, his report was read 
by the Corresponding Secretary A summary of the 
receipts and expenditures follows. 

•Receipts, 1944-1945 
Academy, General 
From: Investment Income 

$13,849 82 

Less. Income to 
Special Funds 10,972 73 

$2,877 09 

Assessments and Admission 


Fees 4,250 00 

$7,127 09 

Amory Prize Committee 

From: Investment Income 3,352 27 

Publications Committee. 

From: Investment Income $2,303 04 

Sale of Publications 722 39 

Lake Publication, Subscrip- 
tions 182 80 

3,208.23 


•Excluding sales of securities 
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Rumford Committee 

From. Investment Income 3,255 4t 

C. M Warren Committee 

From Investment Income 988 35 

Mabel S Agassiz Fund 

From: Investment Income 107 40 

Permanent Science Fund 
From BostonSafeDepositand 
Trust Co , Trustee $10,820 19 

Investment Income 898 23 

11,718 42 

Kennelty Fund 

From Investment Income 68 03 


Total Receipts 


•Expenditures, 1944-1945 
Academy, General 
Library, Salaries $2,432 00 


Books and Binding 764 79 

$3,196.79 

General (Net) 1,062 87 

House (Net) 2,600 13 

Treasurer’s Office 599 94 

Insurance 57825 

Amory Prize Committee 
Expense 

Publications Committee 
General *604 81 

Lake 13 00 

C M Warren Committee 
Grants $540 00 

Transfer of Income to Fund 1,000 00 


Mabel S. Agassiz Fund 
For Meetings 
Permanent Science Fund 


*8,037 98 
13 75 

617 81 

1,540 00 
107 40 
2,280 00 


Total Expenditures $12,626 94 


REPORT OF THE RUMFORD COMMITTEE 
On behalf of the Rumford Fund Committee of the 
American Academy of Arte and Sciences, I report that 
during the past year there have been no applications 
for grants-in-aid received by the Committee 
In view of the current security regulations which 
prevent our knowing fully of important contributions 
of the past few years in the fields of heat and light, the 
Rumford Fund Committee has decided not to recom- 
mend candidates for the Rumford Medals 

The Treasurer reports the total funds available for 
the work of the Committee on March 12, 1945, is 


♦Excluding purchases of securities 


$10,113.84, and that the estimated income for 1945- 
1946 is $3,370 

Respectfully submitted, 

Harlow Shapley, Chairman 

May 9, 1945 

REPORT OF THE CYRUS M. WARREN 
COMMITTEE 

The Committee had available for grants during the 
fiscal year 1944-1945 a total sum of $1,669.53, of which 
$870 00 was appropriated at the March, 1944 meeting 
and $799 53 remained as a balance from the previous 
year. It was considered advisable, and so voted by the 
Committee, to return $1,00000 to the principal 
Grants were made totalling $390 00, as follows 

To Doctor Ralph N. Pnnce of the University of New 
Hampshire, a grant of $200 00 for materials to construct 
apparatus in connection with a project to develop an 
optica] means of determining the punty of cellulosic 
materials 

To Professor Pierre Van Rysselberghe of the Uni- 
versity of Oregon, a grant of $190 00 for the purchase 
of a Leeds and Northrop audio frequency oscillator for 
use in the dertermination of the conductances of non- 
aqueous solutions of metallic salts, particularly those of 
magnesium and aluminum 

A further report was received from Professor Thomas 
W Davis of New York University in regard to his grant 
of the preceding year After considerable delay he was 
able to secure a suitable fractionating column for which 
the grant was awarded 

Respectfully submitted, 

Frederick G. Keyes, Chairman 

May 9, 1945 

REPORT OF THE COMMITTEE OF 
PUBLICATION 

The Publication Committee has held no regular 
meetings this year, business having been transacted by 
consultation and correspondence Three numbers of 
the Proceedings have been published 
Volume 75 

5 Barnett, 8 J New Researches on Magnetization 
by Rotation and the Gyromagnetic Ratios of Ferromagnetic 
Substances pp 109-129 August, 1944 

6 Presidential Address, Records of Meetings, Bio- 
graphical Notices, Presidents of the Academy, Officers and 
Committees, List of Fellows and Foreign Honorary Mem- 
bers, etc , pp. 131-208. December, 1944 

Volume 76 

1 Bridgman, P W The Compression of Twenty-one 
Halogen Compounds and Eleven Other Simple Substances 
to 100,000 kg! cm'; the Compression of Sixty-one Solid 
Substances to $5,000 kg[cm , l Determined by a New Rapid 
Method, pp. 1-24 February, 1945. 

The Index to Professor and Mrs. Lake’s Dated Greek 
Minuscule Manuscripts to the year 1S00 has been en- 
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tirely printed off and is being bound. It forms a mono- 
graph of smaller format than the plates— about 200 
pages. It seemed wise to print a larger number of 
these as there will be individual sales for it m addition 
to those to subscribers to the senes. 

Professor Hatch’s Dated Syriac Manuscript* l a m 
corrected page proof, but has not, at last reports, been 
printed off. There are no other papers on the roster for 
publication. 

Respectfully submitted, 

Robert P. Blake, Chairman 

May 9, 1945 

REPORT OF THE LIBRARY COMMITTEE 

During the year, 111 bound volumes (mainly of 
serials) were added to the library, making a total of 
47,372 now on the shelves Of tins number 97 were 
received by gift or exchange and 14, or only 8 per cent, 
were purchased The appropriation was 12,625 for the 
year ending March 31, 1945 Expenditures were as 


follows: 

Salaries $2,432 00 

Purchase of books and periodicals 522 54 

Binding and repairing 242 25 

Total $3,196 79 


In addition to the UBe of books in the building, 57 
books and pamphlets were borrowed by 5 Fellows and 
19 libraries 

Thus reads, in general, the gist of annual rcpoits 
varying little within the present century, in the earlier 
years of which the Academy ceased adding to its book 
collection, concentrated upon its periodical files — and 
made almost negligible use of either Yet the library, 
a terra incognita to most of our Fellows, has been in a 
sense the integrating symbol of the Academy as genera- 
tions have passed Our shelves still hold the books of 
eighteenth-century founders; and accessions of the 
nineteenth-century form a unique record of the scien- 
tific and humanistic interests of the Academy through- 
out that period Since then, the principal growth has 
been in periodical files, so that now the stacks groan 
with memoirs and transactions from every intellectual 
quarter of the globe. 

A recent inspection of the shelves kindly undertaken 
by a group of expert librarians has emphasised the 
potential value of our unexploited resources At the 
same time the opinion was expressed that these re- 
sources can be made useful only in so far as they are 
selectively dispersed to areas which lack, rather than 
duplicate the material. Your Committee are not in 
sufficient agreement to render concerted opinion, but 
the facts should be understood by all. 

To our great misfortune, the extent of appropriation 
and personnel allotted to the upkeep of the collection 
has for many years been insufficient to cope with a 
growth which now nears the 50, 000- volume mark The 
library has had throughout not only to shoulder the 
highly detailed work of the general secretariat, but to 


carry it under the library appropriation This means 
that there can be no strictly full-time staff service, and 
no provision for the conservation of library property 
except through part-time janitorial effoit It means 
above all an undue demand upon the Assistant Libra- 
rian, whose executive duties greatly limit the exercise 
of her technical library training and experience 

The librarian of an earlier generation, in reporting the 
inability of one person to handle both library and 
general Academy business, took occasion to note the 
“crumbling away” of the old bindings Seven years 
later, m 1913, his successor estimated that, in the new 
building, overcrowding was provided against for fifteen 
years Now, after thirty years’ growth, the congestion 
is deplorable and "crumbling” unabated, with no relief 
in Bight other than drastic dismemberment applied to 
all but histone treasures, the salvage of which is already 
proving a long and expensive process 

Hence from more than one direction we are impelled 
toward some form of radical action Nevertheless, to 
those who know our library it has a strong utilitarian 
as well as antiquarian appeal To these it continues 
to prove an invaluable resource, containing as it does 
many long and rare files and offering to Fellows certain 
privileges of withdrawal unapproached in their liber- 
ality Your Committee invite examination of the 
stacks and urge full consideration of the situation It 
is one of the major problems now before ub 
Respectfully submitted, 

Frederick H Pratt, Chairman 

May 9, 1945 

REPORT OF THE HOUSE COMMITTEE 
During the yoar ending March 31, 1945, the House 
Committee has had at its disposal funds amounting to 
$2,852 69, as follows 

Appropriation for 1944-1945 $2,600 00 

Received from other societies for the use of 
House facilities 252 69 

Total $2,852 69 

The expenditures amounted to $2,852 92 Of this 
sum $2,699 83 was spent for the routine expenses, 
janitor, heat, light, telephone, etc , and $153 09 for the 


upkeep of the building 

Meetings have been held as follows 
The Academy 8 

American Council of Learned Societies 3 

Archaeological Institute of America, Boston Chapter 1 
Boston Surgical Society . 3 

Institute for Rehgious and Social Studies 8 

New England Botanical Club 9 

Pan-American Society of Massachusetts 10 

United China Relief 4 

Total 46 


The Council Chamber has been used for the Academy 
Council and Committee meetings, and also bv the 
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Trustees of the Children's Museum and tho New 
England Farm and Garden Association 
A detailed list of the expenditures follows 


Janitor #1,001 00 

Fuel 1,013 68 

Electircity Light 197 73 

Power 46 28 

Elevator service and repairs 134.24 

Telephone 155 96 

Gas 54 90 

Water 64 40 

Upkeep of building 153 09 

Janitor’s supplies and sundries 31 74 

Total #2,852.92 


The Academy received during the year by gift fiom 
Mrs Maximiban Agassiz portraits of Louis, Alexandei , 
andVMaxumlian Agassiz, and a bronze bas-rohef of 
Alexftider Agassiz together with a copper plate in- 
scribed with resolutions passed in his memory by the 
stockholders of the Calumet & Hecla Consolidated 
Copper Co Tfrsse have been hung in the looms of the 
Academy A letter of thanks was sent to Mrs Agassiz 
by the Chairman of the House Committee 
Respectfully submitted, 

C M Spofforu, Chav man 

May 9, 1945 

The Corresponding Secretary announced that 
the following had been elected members of the 

Academy 


FELLOWS 


Class I, Section 1 

Garrett Birkhoff 
Norman Levinson 


Cambridge 

Belmont 


Class J, Section 2 
Robley Dunghson Evans 


Belmont 


Class I, Section 3 

Enc Glendinning Ball Newton Highlands 

Arthur Clay Cope Belmont 

John Lawrence Oncley Wateitown 


Class I, Section 4 

Hardy Cross New Haven, Conn 

Frederick Emmons Terman Belmont 

John Benson Wilbur Belmont 


Class II, Section I 
Martin Julian Buerger 
Henry Croeby 8tetson 

Class II, Section 2 
Dennis Robert Hoagland 
Herman Augustus Spoehr 

Class II, Section 3 
John Robert Loofbourow 
John Henry Welsh, Jr 
Leland Clifton Wyman 


Lincoln 

Belmont 

Berkeley, Calif 
Palo Alto, Calif 

Cambridge 
Cambridge 
Jamaica Plain 


Class II, Section 4 
James Morison Faulkner 
Thomas Hale Ham 


Brookline 

Brookline 


Class III, 

Seymour Edwin Harris 
William Rupert Maclaunn 
Talcott Parsons 
Howard Eugene Wilson 

Class III, 

Edwin Sharp Burdell 
William Lockhart Clayton 
Henry Allen Moe 

Class IV, 
Edwin Ray Guthnc 
Charles Lincoln Taylor, Jr. 

Class IV, 

George Wiley Sherburn 
Taylor Staick 


Section 3 

West Acton 
Cambridge 
Belmont 
West Newton 

Section 4 

New York, N Y 
Washington, D. C 
New York, N Y 
Section 1 

Seattle, Wash 
Cambridge 

Section 3 

Cambridge 

Cambridge 


Class IV, Section 4 
Samuel Chainbeilain 
Wilham Alexander JacksoD 
Keyes DeWitt Metcalf 
Martin Wagner 


Marblehead 

Cambridge 

Belmont 

Cambridge 


FOREIGN HONORARY MEMBERS 
Class I, Section 1 
Sir Harold Spencer Jones 

Class I, Seciion 2 
Niels David Bohr 

Class 111, Section 3 
Dennis Holme Robertson 

Class III, Section 4 
Alfredo L Palacios 

Class IV, Section 3 
TomAs Navarro Tom its Madrid 

It was voted to adopt an amendment to the 
Statutes by inserting in Chapter XI in Article 2 
the following paragraph 

The Permanent Science Fund Committee, to consist of 
seven Fellows, which shall recommend from time to 
time to the Council all appropriations from the income 
received by the Academy from the Trustee of the 
Permanent Science Fund, for effecting the purposes set 
forth in the Agreement and Declaration of Trust which 
governs the use of this Fund 

It was toted to approve amendments to the 
constitution anil by-laws of the American Council 
of Learned Societies, providing for a conference 
of secretaries at the annual meeting of the Council 
On the recommendation of the Treasurer it was 
voted that the annual assessment for resident 
Fellows for the year 1945-1946 be fifteen dollars 
The annual election resulted in the choice of 
the following officers and committees. 


Greenwich 
Copenhagen 
London 
Buenos Aires 
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Howard M. Jones 
George R. Harrison 
Alfred C. Lane 
Ralph E. Flanders 
Fred N. Robinson 
Abbott P. Usher 
Hudson Hoagland 
Horace S. Ford 
Frederick H Pratt 
Robert P Blake 


President 
Vice-President for Class 1 
Vice-President for Class II 
Vice-President for Class III 
Vice-President for Class IV 
Corresponding Secretary 
Recordmg Secretary 
Treasurer 
Librarian 
Editor 


Committee on Meetings 
The President 
The Recording Secretary 

Leonard Carmichael Jerome D Greene 

Abbot P. Usher Frederick K. Morris 

The following communication was presented 
Joseph P. Hudnut and Carl J Friedrich The 
Boston Contest 

The meeting was dissolved at 10 20 P M 


Councillors for Four Years 


John H. Van Vleck Class I 

Charles H. Blake Class II 

Oliver M. W Sprague Class III 

Harry A. Wolfson Class IV 


Committee on Police and Resources 
For Five Years W. Cameron Forbes 
Finance Committee 

Jerome C Hunsaker Henry P Kendall 

Ralph E. Freeman John F Ebersole 

Rumford Committee 
Harlow Shapley, Chairman 

Percey W. Bridgman Robert B Lmdsay 

Harry M. Goodwin Francis 0 Schmitt 

George R Harrison Edwin II Land 

C M. Warren Committee 
Frederick G Keyes, Chairman 
Gregory P. Baxter Avery A Morton 

Charles A Kraus Walter C Schumb 

Grinnell Jones Kenneth L Mark 

Committee of Publication 
Robert P Blake, Chairman, ex 
Edwin C. Kemble 
Ralph H Wetmore 
Arthur H. Cole, . 

Robert P Casey 

Committee on the Library 
Frederick H, Pratt, Chairman, ex officio 
Raymond C. Archibald Class I 

Thomas Barbour Class II 

Francis N. Balch Class III 

Henry B Washburn Class IV 

Auditing Committee 

Erwin H. Schell Alexander Forbes 

House Committee 
Charles M. Spofford, Chairman 
H. Addington Bruce Robert P. Bigelow 

Donald S. Tucker 

Committee on Biographical Notices 
For Three Years 


One Thousand Three Hundred and Fourth Meeting 

October 10, 1945 — Stated Meeting 
The Academy met at the Old South Parish 
House Building, in Copley Square, at 8 15 P M., 
the change of meeting place having been made 
necessary by repairs to the house of the Academy 
This meeting had been designated as Ladies’ 
Night, and there were present about three 
hundred Fellows and guests 
The reading of the records of the meeting of 
May 9 was omitted 

The following communication was presented 
Harlow Shapley . Report on Sonet Science 
The meeting was then dissolved 

One Thousand Three Hundred and Filth Meeting 

November 14, 1945. — Stated Meeting 
The Academy met at the Old South Parish 
House Building at 8 -22 P M 
The President in the Chair. 

There were present fifty-one Fellows and 
twenty guests. 

The records of the meetings of May 9 and 
October 10 were read and approved 

It was voted to discontinue the Committee on 
Policy and Resources (a standing committee), 
through an amendment to the Statutes, deleting 
Paragraph ii, Article 2, of Chapter XI 
Professor Robley D. Evans was presented to 
the Academy by Vice-President George R. 
Harrison. 

The Chairman of the House Committee re- 
ported on the progress of the plans for the altera- 
tion of the Academy’s House. 

The President announced that the four Vice- 
Presidents had been asked to prepare lists of the 
war work of the Fellows in their Classes, and gave 
a brief review of the partial returns reported by 
three of them. 


officio 

Class I 
Class II 
Class III 
Class IV 


Alfred C. Lane 


Austin W. Scott 
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The topic for the evening was A National 
Policy for Scientific Research and it was presented 
as a symposium by Messrs. Bradley Dewey, 
Pendleton Herring and Lee A Du Bridge The 
communications were followed by a lively dis- 
cussion from the floor 

The meeting was dissolved at 10 15 P M 

One Thousand Three Hundred and Sixth Meeting 

December 12, 1945 — Stated Meeting 
The Academy met at the Old South Parish 
House Building at 8 25 P M 
The President in the Chair. 

There were present thirty-seven Fellows and 
fourteen guests 

In the absence of the Recording Secretary, the 
Corresponding Secretary read the records of the 
meeting of November 14, which were approved 
by the Academy. 

The Corresponding Secretary reported that the 
Council had prepared a number of amendments 
to the Statutes designed to clarify the language 
of several paragraphs, to define more adequately 
the powers and duties of the President, and to 
describe the procedure on amendments that lias 
in fact been followed since the establishment of 
the Council 

The following communication was presented 
Charles E Wyzanski, Jr The War Criminal 
Trials 

After a stimulating discussion, the meeting was 
dissolved at 10 P. M 

On* Thousand Three Hundred end Seventh Meeting 

January 9, 1946 — Stated Meeting 
The Academy met at the Old South Parish 
House Building at 8 20 P. M 
The President in the Chair 
There were present eighty-four Fellows and 
thirty-four guests 

The records of the meeting of December 12 
were read and approved. 

In the absence of the Corresponding Secretary, 
the Recording Secretary announced that the 
Council had adopted the following resolution • 

Believing that the peace of the world and the ad- 
vancement of the arte, the sciences, and education in 
all countries can be effectively furthered by an active 


support of the United Nations Educational, Scientific 
and Cultural Organization, the Council of the American 
Academy of Arts and Sciences congratulates the Senate 
and House of Representatives of the Congress of the 
United States upon the several resolutions adopted by 
them favoring support of this organization, and urges 
upon the Congress the desirability of ratifying the 
charter of the organization on the basis of the signature 
of our representatives at the London Conference last 
November 

In order that the widest support may be given to the 
United Nations Educational, Scientific and Cultural 
Organization, the Council desires that copies of this 
resolution shall be sent to all the learned and scientific 
bodies throughout the world with which it has commu- 
nication, to the public preBS, to the President of the 
United States, the Secretary of State, the Speaker of 
the House, the President of the Senate, and the As- 
sistant Secretaries of State. 

The President announced that instead of the 
usual stated meeting in April, the Academy 
would hold a dinner meeting at the Copley 
Plaza Hotel on April 17. 

The following communication was presented 

James Bryant Conant Science and the National 
Welfare 

The meeting was dissolved at 9 45 P M. 

One Thousand Three Hundred and Eighth Meeting 

February 13, 1946 — Stated Meeting 

The Academy met at the Old South Parish 
House Building at 8 20 P. M. 

The President in the Chair 

There were present thirty-five Fellows and 
four guests 

In the absence of the Recording Secretary, the 
Corresponding Secretary served in his stead. 

The records of the meeting of January 9 were 
read and approved. 

Two new Fellows were introduced William A 
Jackson by Vice-President Robinson, and Talcott 
Parsons by the Corresponding Secretary. 

The following amendments to the Statutes 
recommended by the Council at its January 
meeting were adopted by the Academy with no 
dissenting votes 

CHAPTER II, Article 4, shall be amended to read' 
"If any person, after being notified of his election as 
Fellow, shall neglect for six months to accept in writing, 
or if a Fellow resident within fifty miles of Boston shall 
neglect to pay his Admission Fee withm nx months of 
his election, his election shall be void, and if any 
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Fellow resident within fifty miles of Boston shall ne- 
glect to pay his Annual Dues for six months after they 
are due, provided his attention shall have been called 
to this Article of the Statutes by the Treasurer in the 
meantime, he shall cease to be a Fellow 

A non-resident Fellow, elected since 1938, who 
neglects to pay his Annual Dues for six months after 
they are due, and who ignores notification by the 
Treasurer of the requirement of this Article, shall 
cease to be a Fellow 

But upon petition by the Fellow or by any officer of 
the Academy, the Council may by a majority vote suspend 
the provisions of this Article for any additional period of 
time not longer than three months ” 

CHAPTER II, Article 5 First paragraph Omit 
the clause: "unless previously as an Associate he has 
paid an Admission Fee of like amount ” Second para- 
graph, second line: Omit the words "and others may ” 

CHAPTER IV, Article 1 Paragraph three, third 
line. Omit “on Resources and Policy” and substitute 
"on the Permanent Science Fund ” 

CHAPTER V, Article 1 For “the senior” in the 
second line, substitute "a ” Omit the parenthesis 
(“seniority to be determined by length of continuous 
fellowship in the Academy”). 

Add as a new paragraph 

“The President shall bo the chief executive officer of 
the Academy. He shall present to the Council for its 
consideration all matters pertinent to the interests of 
the Academy and to the discharge of its obligations to 
the community or to the advancement of scholarship 
The President shall be Chairman of the Committee on 
Meetings ” 

CHAPTER VI, Article 1 Add a paragraph as 
follows 

“He shall arrange for the preservation of records of 
the death of Fellows and biographical noticos published 
on the occasion of their death, or at other times If 
existing notices are inadequate, he shall arrange for the 
preparation of a suitable biographical notice to be pub- 
lished in the Proceedings of the Academy or m some 
professional journal associated with the activities of 
the deceased Fellow,” 

CHAPTER VI, Article 2 Last paragraph, first 
line, substitute “any” for the second “the ” 

CHAPTER XI Omit paragraph (u) as it now 
stands and substitute the paragraph providing for a 
standing committee on the Permanent Science Fund, 
Omit paragraph (x). 

CHAPTER XII, Article 7 Omit the present text 
and substitute the following: 

“All amendments to the Statutes, whether proposed 
by Fellows or by the Council, shall be considered by tho 
Council and reported with recommendations for action 
to the Academy. At a subsequent Stated Meeting, or 
at a Special Meeting called for the purpose, the notice 
for which in either case shall state this proposed 
amendment, the Academy shall act upon the amend- 
ment. Two-thirds of the Fellows present, in a meeting 


of not less than twenty-five Fellows, must vote m the 
affirmative to enact the amendment.” 

The following communication was presented 
Edward Sagendorph Mason The Economic 
Future of Germany 

The meeting was dissolved at 9 40 P. M 
One Thousand Three Hundred and Ninth Meeting 

March 13, 1940 — Stvtpd Meeting 
The Academy met at its House at 8 25 P M 
The President in the Chair 
There were present forty Fellows and six 
guests 

The records of the meeting of February 13 
were read atul approved 

On the recommendation of the Council the 
following appropriations for the \ cur 1940-1947 
were voted 

From the income of the General Fund, $9,200, 
to be used as follows 


For House expenses $3,(500 

for General and Meeting expenses 1,400 

for Library expenses Salaries 2,400 

Books, Periodicals & Binding 600 
for Treasurer’s expenses 1,200 

Total $9,200 


It was also voted that the Editor, the Chairman 
of the Rumford Committee, and the Chairman of 
the C M Warren Committee be authorized to 
draw upon the balances available in their respec- 
tive Funds. 

The President announced that he had ap- 
pointed the following as a Nominating Commit- 
tee Bart J Bok, of Class I, Chau man, Ralph H 
Wetmore, of Class II, Douglass V Brown, of 
Class III, Michael J Ahern, S J , of Class IV 
The following communication was presented 
Kenneth V Thimann: Growth Hormones in 
Plants This was illustrated by lantern slides 
and by living material 
The meeting was dissolved at 9 30 P M 

One Thousand Three Hundred and Tenth Meeting 

April 17, 1940 — Dinner Meeting 
The first annual dinner meeting of the Academy 
was held at the Copley Plaza Hotel on Wednes- 
day, April 17, taking the place of the stated 
meeting on April 10. 
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One hundred and sixteen members were present, 
and the speakers were Dr Waldo G Leland, of 
the American Council of Learned Societies, and 
President Karl T Compton, of the Massachusetts 
Institute of Technology 

At the request of the President, Mr. Robert 
Frost recited several of his poems 

On* Thousand Three Hundred and Eleventh Meeting 

May 8, 1946 — Annual Meeting 

The Academy met at its House at 8 20 P. M. 

The President in the Chair. 

There were present fifty-eight Fellows and 
eleven guests. 

The records of the meetings of March 13 and 
April 17 were read and approved 

The Corresponding Secretary reported that the 
Council had voted to recommend to the Academy 
that the Statutes be amended to provide for the 
addition of the Amory Prize Committee to the 
list of standing committees. 

He also read a resolution which the Council had 
adopted, copies of which are to be sent to the 
President of the United States, the President of 
the Senate, the Speaker of the House, the Sena- 
tors from the Commonwealth of Massachusetts, 
and other academies in the United States of 
America, as follows 

Whereas, whole populations in Europe and Asia face 
death by hunger if immediate and extensive help is not 
given them, and 

Whereas, the loss to the world by starvation of 
scientists and scholars is of special concern to learned 
bodies; and 

In So Far as the food sent abroad from this country 
is neither in proportion to what wo can spare nor 
adequate to the crisis, 

Retained, by the Council of the American Academy 
of Arts and Sciences, that we urge upon our government 
an increase in the amount of wheat, milk, and fats set 
aside to meet this emergency as well as an increase in 
the amount and speed of the transportation accorded 
this food, and 

Retolved, that, voluntary ratiomng having proved 
inadequate, we urge a return to consumer rationing to 
assure both fair distribution of food in this country and 
adequate supplies for famine relief, and 

Resolved, that copies of this resolution be sent to the 
President of the United States, the President of the 
Senate, the Speaker of the House, the Senators from 
the Commonwealth of Massachusetts, and other 
academies in the United States of America 


The Corresponding Secretary announced that 
at its meeting on April 30 the Council had made 
the following grants from the Permanent Science 
Fund 

1 To Charles F. Brooks, Director, Blue Hill Observ- 
atory, Harvard University, for completion of certain 
studies of cloud systems associated with storms in the 
eastern United States, S625 

2 To Gregory Pincus, Director of Laboratories, 
Worcester Foundation for Experimental Biology, for 
assistance m a study of hormonal control of lympho- 
cytes, $1, 800 

3. To A. H Reesor Smith, Lecturer, College of 
Engineering, University of California, as compensation 
for assistance contingent upon remaining necessary 
funds being secured otherwise for the synthesis of 
vinyl cyclopropane, $1,800. 

4. To George Sachs, Professor of Physical Metal- 
lurgy, Case School of Applied Science, Cleveland, as 
compensation for assistance m the study of properties 
of thm metallic membranes, $900 

5 To Irving M. Klotz, Instructor in Chemistry, 
Northwestern University, for assistance in his study of 
the interactions of proteins with organic molecules, 
$1,300 

The Corresponding Secretary announced that 
the following had been elected members of the 
Academy 

FELLOWS 
Class I, Section 1 

James Gilbert Baker Waban 

John Landes Barnes Winchester 

Subrahmanyan Chandrasekhar Williams Bay, Wis 

Class I, Section 2 

Lee Alvin Du Bridge Rochester, N Y 

Julius Adams Stratton Belmont 

Class I, Section 3 

Paul Doughty Bartlett Weston 

Walter Hugo Stockmayer Weston 

Class I, Section 4 

William Loren Batt Washington, D C 

Howard Wilson Emmons Sudbury 

Class II, Section 1 

Roland Frank Beers Lincoln 

Cornelius Searle Hurlbut, Jr . Belmont 

Class II, Section 2 

Ralph Erskine Cleland Bloomington, Ind. 

Class II, Section 3 
George Wells Beadle 
James Lee Peters 
Kenneth David Roeder 


Palo Alto, Calif. 
Harvard 
Medford 
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Class II, Section 4 

John Franklin Enders Boston 

Charles Alderson Janeway Weston 

Siegfried Josef Thannhauser Brookline 

Class III, Section 2 

Harvey Hollister Bundy Boston 

John Sloan Dickey Hanover, N. H 

Robert Burgess Stewart Winchester 

Class III, Section 3 

Theodore Henry Brown Cambridge 

Harold Walter Stoke Durham, N H 

Class III, Section 4 

Chester M Alter West Newton 

David Frank Edwards Cambridge 

Huntley Nowell Spaulding Rochester, N H 

Class IV, Section 1 

Brand Blanshard T'Jcw Haven, Conn 

Stanley Smith Stevens Cambridge 

Class IV, Section 2 

Clarence Saunders Brigham Worcester 

Paul Herman Buck Cambridge 

Otto Eduard Ncugebauer Providence, R I 

Class IV, Section 3 

George Raleigh Coffman Chapel Hill, N C 

John Huston Finley, Jr Cambridge 

Class IV, Section 4 

Edward Weeks, Jr Boston 

William Wilson Wureter Boston 

FOREIGN HONORARY MEMBERS 
Class I, Section 1 

Bertil Lindblad 
Jan Hendrik Oort 

Class I, Section 4 
Clarence Decatur Howe 

Class II, Section 2 

Rudolf Florin 

Class III, Section 2 
Winston Churchill 

Class IV, Section 1 
Francisco Romero 

Class IV, Section 4 
William George Constable Cambridge, Muss 

The following reports were then presented to 
the Academy 

REPORT OF THE COUNCIL 
Since the last report of the Council there have been 
reported the deaths of twenty-six Fellows and Fellows 
Emeriti : Thomas Barbour, Carl Lotus Becker, Edward 
Wilber Berry, William Crowell Bray, Walter Bradford 


Stockholm 

Leiden 

Ottawa 

Stockholm 

London 

Buenos Aires 


Cannon, Charles Jay Conwck, John Franklin Ebersole, 
Max Farrand, Simon Flexner, Edwin Francis Gay, 
Edwin Walter Kemmerer, Gilbert Newton Lewis, Leo 
Rich Lewis, John Livingston Lowes, Albert Matthews, 
John Campbell Merriam, Roger Bigelow Mernman, 
Thomas Hunt Morgan, William Allan Neilson, William 
Abbott Oldfather, William Morton Prcst, Edward 
Kennard Rand, Theodore Leslie Shear, Carl Snyder, 
Harlan Fiske Stone, Jacob David Tamarkm, and two 
Foreign Honorary Members Ludwig Diels, and John 
Maynard Keynes Three Fellows have resigned’ 
Frederic Adrian Delano, Wassily W Leontief, and 
Edward Sagendorph Mason, and the Fellowship of 
Manley Ottmer Hudson has been discontinued 

Ten names have been added to the list of Fellows 
Emeriti Charles Thomas Brues, George Henry Chase, 
William Scott Ferguson, Henry Thatcher Fowler, 
William Hovgaard, Edward Felix Langley, Samuel 
Cate Prescott, Perry Edward Raymond, La Rue Van 
Hook, George Benson Weston 
Thirty-three Fellows and five Foreign Honorary 
Members were elected by the Council and announced 
to Academy in May, 1945 All but William Lockhart 
Clayton and Howard Eugene Wilson accepted election 
Not including those elected in 1946, the roll now 
includes 764 Fellows and 116 Foreign Honorary 
Members as well as 23 Fellows Emeriti 


REPORT OF THE TREASURER 
( Extract ) 

•Receipts, 1945-1946 

Academy, Oeneral 
Investment Income 

$16,295 46 

less Incomo to 
Special Funds 13,214 13 

$3,081 33 

Assessments and Admission 
Fees 6,208 75 


Mabel S. Agassiz Fund 
Investment Income 
Amory Prize Committee 
Investment Income 
KenneUy Fund 
Investment Income 
Life Membership Fund 
Robley D Evans 
Permanent Science Fund 
Boston Safe Deposit 
Trust Co., Trustee 
Investment Income 

Publications Committee 
Investment Income 
Sale of Publications 


116 70 
3,839 43 
77 90 


200 00 

$11,430 40 
1,517 10 

12,953 50 

$2,800 80 
513 81 


* Excluding sales of securities 


3,314 61 
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Rumford Committee 


Investment Income 

$3,788 27 


Return of Grant 

188 91 



- 

3,977 18 

Special Expense Fund 

American Council of Ix-urncd f 

loeieties 

1,000 00 

Special Alterations Fund 

Contributions 


760 00 

( ' M Warren Committee 

Investment Income 

$1,073 93 


Return of Grant 

200 00 




1,273 93 

Total Receipts 

$36,803 33 



•Expenditures, 1945 1946 


\ cadent]/, General 

Library, Salaries $2,228 00 

Books & Binding 632 38 

- - 

$2,860 38 


General (Net) 

1,41641 


House (Net) 

3,695 83 


Treasurer’s Office 

722 19 


Insurance $1,445 84 

Ix>ss llnexpired 

Premiums 9th 18 

529 6b 




$0,22-1 47 

Mabel S Agassiz Fund 

For Meetings 


116 70 

Amory Prize Committee 

Expense 


38 90 

Permanent Science Fund 

Grunts 

$900 00 


Expense 

103 95 

1,003 95 

President's Spinal Expense 4 not 

nit 


Expense 


55 00 

Publications Committee 

Gem’i al 

$1,381 (>2 


Dike 

1,838 65 




3,220 27 

Rumford Committee 

Grant 

$250 00 


Rumford Memorial 

25 25 





275 25 

Special Expense Fund 


62 71 

Special Alterations Fund 


3,867 22 

Warren Fund Committer 

Grants 


505 00 

Total Expenditures 


$18,36947 


REPORT OF THE RUMKORI) COMMITTEE 
I have the report from the Treasurer which indicates 
that we have on hand a balance of #13,832 50, and that 
we have an estimated income for next year of about 
#3,800 

* Excluding purchases of securities 


Contribution to the present considerable balance 
comes from rpturns of earlier grants to the amount of 
#730 During the past year we made but a single 
expenditure #275 25 

By general agreement we gave no Rumford medals 
this year on the grounds that we needed a little per- 
spective with respect to the important wartime con- 
tributions before we next selected a man to honor 
Respectfully submitted, 

Harlow Shapley, Chairman 

May 8, 1946 

REPORT OF THE CYRUS M. WARREN 
COMMITTEE 

The Committee had available for grants during the 
hacal year 1945-1946 the sum of #1,000 which was ap- 
propriated at the March, 1945 meeting 

The following grants were made after consideration 
of the applications submitted to the Committee - 

To Professor Hugh J McDonald of the Illinois Insti- 
tute of Technology, a grant of #205, for the purchase of 
a Beckman pH Meter to be used in connection with a 
study of the kmetics of dissolution of metals in various 
aqueous solutions 

To Professor Pierre Van Rysselherghe of the Univer- 
sity of Oregon, a grant of #300, to apply on the purchase 
of a Beckman Ultraviolet Spectrophotometer for use in 
the polarographic reduction of chlorophyll 

A report was received from Mr Ralph N. Prince 
Tcxtilo Research Fellow, at the University of New 
Hampshire, in regard to a grant of $200 awarded in 
1944 In a letter dated July 17, 1945, Mr Prince 

“Although considerable preliminary work was done 
•luring the year, the press of other matters was so great, 
that no real progress was made on the proposed project 
A short report had boon prepared for submission in 
May, however, at that time it was apparent that the 
work could not be continued in the near future There- 
fore the matter was held up until the exact situation 
could be determined 

“It has developed that I shall not be located here at 
the Engineering Experiment Station after August 1st, 
and there will be little opportunity for me to continue 
the project in the near future 

“Therefore, I have asked that the entire amount of 
the grant be returned to you I am attaching a copy 
of the preliminary report m addition to the check ” 
Respectively submitted, 

Frederick O Keyes, Chairman 

May 8, 1940 

REPORT OF THE COMMITTEE OF 
PUBLICATION 

N» meeting of the Publication Committee was held 
during the year, such business as came up having been 
conducted by correspondence 

The Index to Professor and Mrs Lake’s Dated 
Greek Manuscript s was published during the year 
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This covers the ten fasciculi which have been published. 
If a supplementary fascicule should appear later, this 
will be separately indexed. 

Professor Hatch’s Album of Dated Syriac Manu- 
scripts is in the press. 

No new numbers of the Proceedings or of the Memoirs 
were published, but a manuscript by President Howard 
Mumford Jones has been accepted on the literature of 
colonial Virginia in the 17th century It is now being 
composed, and will be included in the Memoirs 
Respectfully submitted, 

Robert P Blake, Chairman 

May 8, 1946 

REPORT OF THE LIBRARY COMMITTEE 

During the year 86 bound volumes were added to the 
library, making a total of 47,458 now on the shelves, of 
this number 79 wore received by gift or exchange, and 
seven were purchased 

In addition to the use of books in the building, 63 
books and pamphlets wore borrowed by 7 Fellows and 
21 libraries 

The appropriation for the year ending March 31, 
1946, was 13,000, and the expenditures were as follows 


Salaries #2,228 00 

Purchase of books and periodicals 450 43 

Binding and repairing 181 95 


Total $2,86038 


No way has been found to mitigate the conditions of 
congestion, under-staffing and meagre use of our 
library pointed out in last year’s report, and, in view of 
the accompanying severe deterioration of the building, 
the council has delegated a special committee to ar- 
range the sale of our main stock of books and periodi- 
cals The economy resulting from cancellation of 
subscriptions and the assets potential in our extremely 
valuable holdings have meanwhile enabled the Build- 
ing Committee to proceed without delay in its arduous 
work of rehabilitation 

Meanwhile, we have devoted our attention to the 
following two operations 

1 The identification and segregation of such early 
acquisitions as may properly be added to the archives 
of the Academy — chiefly the several hundred volumes 
of the Governor Bowdoin bequest To these are 
added books associated with the Founders and other 
distinguished early Fellows of the Academy, making a 
discrete collection of about 1000 volumes, the ultimate 
housing of which must depend upon what can be done 
to give them worthy protection and care Wo have 
had the valuable assistance of Mrs Anne Smith in the 
arrangement of this collection 

2 The Librarian is by statute (he custodian and 
distributor of the Academy’s publications. These 
have of necessity accumulated unduly during the war, 
and we have been fortunate in secunng the expert 
services of Mr. Richard Hoffman in sorting, packaging 


and packing for shipment the various consignments to 
the many exchanging and subscribing institutions here 
and abroad Your Committee have discussed at 
length, but tentatively, policies concerning publication 
and exchange that impending conditions must deter- 
mine The likelihood of a new and wide demand on 
our store of past Transactions and Memoirs makes 
early attention to these holdings imperative 

That Mr Metcalf, Mr Osborne and members of the 
Widencr Library staff have shouldered the entire 
administrative and executive burden of checking the 
main collection of books, serials, and pamphlets, has 
alone made it possible for us to carry out the above 
programs 

During the exceedingly trying conditions that have 
necessarily attended building repairs and alterations, 
the Assistant. Librarian has continued the Academy’s 
business without intermission, and we cannot but 
deeply appreciate Mrs Ball’s persevering attention to 
the many and various demands of her office 
Respectfully submitted, 

Frederick Haven Pratt, Chairman 

May 8, 1946 

REPORT OF THE HOUSE COMMITTEE 
During the year ending March 31, 1946, the House 
Committee faced a number of unusual difficulties 
These included the voluntary resignation of Thomas H 
Gately who had held the position of janitor for twenty- 
six years, and the engagement of Thomas Rodgatc for 
this position Mr Gately was voted a monthly pen- 
sion of $50 in view of his faithful service, and ho was a 
guest of the Council at one of its dinner meetings 
A large number of repairs were required by the 
recently enacted city safety regulations Moreover 
certain portions of the rear wall fell without warning, 
fortunately without injuring anyone, and had to be 
replaced, and certain other unusual repairs were 
necessary including the cleaning and waterproofing of 
the elevator pit, the installation of new grates in the 
furnace, and repairs to the elevator. The costs of 
some of these are being met by special funds and do not 
all appear in the expenditures listed below In addi- 
tion to the necessary repairs, the Academy has im- 
proved the building by redecorating the interior and by 
removing tho book stacks from the entrance lobby It 
has also installed alternating current electric power in 
order to provide an emergency lighting system. 

Receipts from other societies using the building were 
materially reduced by the fact that the building was 
not available for many meetings on account of the 
repairs being made 

Ab a result of the repairs and decorating, and because 
one of its regular meetings was replaced by a dinner 
meeting at the Copley Plaza Hotel, the Academy has 
held only two of its regular monthly meetings m its 
House. The other regular meetings of the Academy 
were held in the Mary Norton Hall of the Old South 
Parish House at the comer of Boylston and Dart- 
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mouth Streets The other societies holding meetings 
nt the Academy building were, the New England 
Botanical Club, which held eight meetings in the 
Reading Room, the Boston Mineral Club, one meeting 
The appropriation for House expenses for the year 
ending March 31, 1046, was $2,600, and during that 
period $180 was received from other societies for the 
use of facilities, making a total of $2,780, which was 
materially exceeded as a consequence of the foregoing 
unforeseen expenses 
A detailed list of expenditures follows 


Janitor $1,136.13 

Fuel 1,107 02 

Electricity Light 27830 

Power 47 86 

Elevator service and repaii s 292.09 

Telephone 146.85 

Gas 42 24 

Water 53 36 

Upkeep 353 29 

Janitor’s supplies and sundries 81.70 

Thomas H Gatply’s pension 250 00 

Total $3,878 83 


Respectfully submitted, 

Charles M Spofford, Chairman 

REPORT OF THE COMMITTEE ON THE 
PERMANENT SCIENCE FUND 
The Committee on the Permanent Science Fund, 
appointed as a special committee by the Council on 
December 12, 1928, and yearly thereafter, has held 
semi-annual meetings without interruption since that 
date In May, 1 945, by vote of the Council the probable 
permanency of this committee was recognized, and it 
was made a Standing Committee of the Academy. 
For the year 1945-1946 its personnel continued in ad hoc 
status pending the 1946 election of officers and com- 
mittees 

During the twelve months since May, 1945, the Com- 
mittee has considered seventeen applications, of which 
five were recommended to and approved by the Coun- 
cil for grants-in-aid totalling $6,425 00 
The devotion of efforts of scientists to the prosecu- 
tion of the war has reduced the volume of applications 
for aid addressed to this Committee to one in October, 
1945, a circumstance which is unique m its seventeen 
years of continuous experience 

Notices of the nature and availability of the Perma- 
nent Science Fund were thereupon furnished to the 
editors of 28 journals representing a wide coverage of 
natural, social and mathematical sciences, in the 
United States, Canada and Britain 
The Permanent Science Fund endowment was re- 
ported by its Trustee to amount to about $315,000 m 
1944. Income from this fund is paid semi-annually to 
the Academy, designated m the Indenture of Trust as 
the disbursing agent therefor Accumulated income is 


invested by our own Treasurer and its earnings added 
to its accumulations, which as of March 31, 1946, are 
of the order of $47,000, of which the last yearly incre- 
ment received from the Trustee was slightly more than 
$11,000, and our earnings on our accumulations for 
the year were of the order of $1,500. The precise 
figures are presented in the report of the Treasurer. 

With the accumulations m hand and the useful size 
of the yearly income in sight, the Permanent Science 
Fund Committee is in a position to aid worthwhile 
projects in a significant way for the advancement 
through science of human welfare 

Respectfully submitted, 

John W M. Bunker, Chairman 

May 8, 1946 

On the recommendation of the Treasurer, the 
Academy voted that the annua) assessment for 
the year 1946-1947 for resident Fellows be fifteen 
dollars 

The annual election of officers and committees 
resulted as follows 


Howard M. Jones 
Roland G D Richardson 
John W M. Bunker 
Erwin N Griswold 
Donald Scott 
Lewis Don Leet 
Isadore Amdur 
Horace S Ford 
Frederick H Pratt 
Taylor Starck 


President 
V ice-Presuimt for Clana 1 
V ice-President for Clots 11 
Vice-President for Class III 
Vice-President for Class IV 
Corresponding Secretary 
Recording Secretary 
Treasurer 
Librarian 
Editor 


Councillors for Four Yearb 


Philip Franklin Class 1 

Frederick K Morns Class II 

Charles E. Wyzanski, Jr. Class III 

John G Beebe-Center Class IV 


Committee on Permanent Science Fund 
John W M Bunker, Chairman 
Roger Adams Albert B Hastings 

Kirk Bryan Edward L Moreland 

Lee A DuBndge Payaon S Wild, Jr 

Finance Committee 

Jerome C Iiunsaker Henry P Kendall 

Ralph E Freeman Henry L. Shattuok 

Rumford Committee 
Harlow Shapley, Chairman 

Percy W. Bndgman Joseph H. Keenan 

Harry M Goodwin' Francis O. Schmitt 

George R Harrison Edwin H. Land 

C M Warren Committee 
Frederick G Keyes, Chairman 
Louis F. Fieser Avery A. Morton 

Charles A Kraus Walter C. Schumb 

Gnnnell Jones Kenneth L. Mark 
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Committee of Publication 
Taylor Starck, Chairman, ex officio 
E r nest H Huntress Class I 

Kenneth V. Thimann Class II 

Thomas North Whitehead Class III 

Kenneth J Conant Class IV 

Committee or the Librart 
Frederick H. Pratt, Chairman ex officio 
Raymond C Archibald Class I 

Charles A Weatherby Class II 

Francis N Balch Class III 

Henry B Washburn Class IV 

Auditing Committee 

Donald 8. Tucker Thomas H Sanders 

House Committee 
Charles M. Spofford, Chairman 
H Addington Bruce Robert P Bigelow 

John B Wilbur 
Committee on Meetings 
The President 
The Recording Secretary 

Edgar S. Brightman Cecilia Payne-Gaposchkin 

Crane Bnnton Seymour E. Harris 

The general subject of the communication was 
The Ecological Approach to Land Use, treated by 
three speakers, as follows 
Edward H. Graham: The Ecologists' Viewpoint 
Seymour E Harris The Economists’ Viewpoint 
Edward A. Ackerman . The Geographers' View- 
point. 

The meeting was dissolved at 10 30 P M 
One Thousand Three Hundred and Twelfth Meeting 

October 9, 1946. — Stated Meeting 
The Academy met at its House at 8.20 P M 
The President in the Chair 
There were present sixty Fellows and fourteen 
guests. 

The records of the meeting of May 8 were read 
and approved. 

A vote was taken on a proposed amendment to 
the Statutes, Chapter XI, Article 2, which had 
been recommended to the Academy by the 
Council at the annual meeting last May The 
amendment called for the addition of the Com- 
mittee on the Amory Prize to the Standing Com- 
mittees of the Academy by insertion in Chapter 
XI, Article 2, of the Statutes, of the following 

The Committee on the Amory Prise, to consist of seven 
Fellows, who shall consider all persons eligible for this 


award and recommend to the President and Fellows of 
the Academy a suitable recipient of the award accord- 
ing to the terms of the gift 

The amendment was adopted unanimously 

The Rev. M J. Ahern, S J , representative of 
the Academy at the observance of the one- 
hundredth anniversary of the Fine Arts Section 
of the Royal Belgian Academy of Sciences and 
Letters in Brussels, July 24-27, reported to the 
Fellows and guests He presented to the Presi- 
dent, for the Academy, a medal from the Belgian 
Academy 

The Corresponding Secretary reported the 
receipt of letters accepting Fellowship from the 
following Chester M. Alter, James Gilbert 
Baker, John Landes Barnes, Paul Doughty 
Bartlett, George Wells Beadle, Roland Frank 
Beers, Brand Blanshard, Clarence Saunders 
Brigham, Theodore Henry Brown, Harvey Hollis- 
ter Bundy, Subrahmanyan Chandrasekhar, Ralph 
Erskme Cleland, George Raleigh Coffman, John 
Sloan Dickey, I,ee Alvin Du Bridge, David 
Frank Edwards, Howard Wilson Emmons, John 
Franklin Enders, Cornelius Searle Hurlbut, Jr , 
Charles Alderson Janeway, Otto Eduard Neuge- 
bauer, James Lee Peters, Kenneth David Roeder, 
Huntley Nowell Spaulding, Stanley Smith Ste- 
vens, Robert Burgess Stewart, Walter Hugo 
Stockmayer, Harold Walter Stoke, Julius Adams 
Stratton, Siegfried Josef Thannhauser, Edward 
Augustus Weeks, Jr., William Wilson Wurster; 
and of letters accepting Foreign Honorary Mem- 
bership from Winston Churchill, William George 
Constable, Rudolf Florin, Clarence Decatur 
Howe, Bertil Lmdblad, Jan Hendrik Oort, and 
Francisco Romero; also letters declining Fellow- 
ship from Paul Herman Buck and John Huston 
Finley, Jr 

The President announced that at the Novem- 
ber meeting, the Academy would go into a Com- 
mittee of the Whole to consider the Report of the 
Commission on the Present Status and Future of 
the Academy 

He also made preliminary announcements con- 
cerning the February conference on The Artist m 
American Society. 

New members were introduced by sponsoring 
Fellows 

The following communication was presented 
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William A. Jackson' Forgeries and Facsimiles. 
One paper was presented by title Lower 
Permian Insects from Oklahoma. Part 1 , by F M 
Carpenter 

The meeting was dissolved at 9 .45 P. M 
One Thousand Three Hundred and Thirteenth Meeting 

November 13, 1946. — Stated Meeting 
The Academy met at its House at 8 25 P M 
The President in the Chair 
There were present sixty-six Fellows and one 
guest. 

The records of the meeting of October 9 were 
read and approved 

The President announced the inaugural lecture 
of The Arthur Dehon Little Memorial Lecture- 
ship series to be given by Sir Edward V. Appleton 
at the Massachusetts Institute of Technology, 
November 19, 1946. Members of the Academy 
were invited to attend 

New memhers were introduced by sponsoring 
Fellows 

It was moved that the Fellows present consti- 
tute a Committee of the Whole to consider the 
Report of the Commission on the Present Status 
and Future of the Academy The motion was 
carried 

The President appointed Dean George R 
Harrison chairman of the Committee of the 
Whole The Recording Secretary acted as secre- 
tary of the Committee It was pointed out by 
the chairman that action by the Committee of 
the Whole would take the form of favorable or 
adverse recommendation to the Council and 
Academy 

Kirtley F Mather, chairman of the Commis- 
sion, summarized the report and listed the follow- 
ing priorities which had been assigned by the 
Commission to its recommendations 
First — Increase in Membership (pp 19-21 of Report) 
Second — Establishment of a Committee on Nomina- 
tions (pp 21-22 of Report) 

Third — The focus of attention upon the regional 
responsibilities of the Academy (pp 17-19 of Report) 
Fourth — Creation of the position of Executive 
Officer (pp 37-38 of Report) 

Fifth — Changes in publication policy (pp 31-35 of 
Report) 

Sixth — Acceptance of responsibility for leadership in 
formation of public opinion on matters of import to the 
body politic (pp. 14-16 of Report) 


Seventh — Creation of a committee for the award of 
prizes or medals to outstanding younger American 
scholars (pp. 40-41 of Report) 

The following recommendations were men- 
tioned for future discussion without assignment 
of priorities 

Changes in the character of meetings of the Academy 
(pp 22-28 of Report) 

Additional changes in the House of the Academy 
(pp 28-29 of Report) 

Greater use of the Academy's House by outside 
organizations (pp 30-31 of Report). 

Sale of portions of the Library (pp 35-36 of Report). 
(The majority of recommendations concerning the 
Library have already been realized as of this date ) 

Support of expanded program by additional income 
resulting from the Bale of the Library and by dues from 
the increased number of Fellows (pp. 38-39 of Report) 

The following actions were taken by the Com- 
mittee of the Whole 

1 It was moved that the Committee report favorably 
on the recommendation that "the number of Fellows 
shall not exceed 1000, of whom not more than 700 shall 
bo residents of Massachusetts, nor shall there be more 
than 275 in any one Class ” 

In the discussion it was pointed out that the reduction 
of the percentage of Fellows from Massachusetts from 
75 per cent to 70 per cent was intended to broaden the 
base of the membership, and that the primary purpose 
of the recommendation was to add vitalizing Fellows to 
the Academy membership and not to obtain additional 
revenue 

The motion was earned 

2 It was moved that tho Committee report favorably 
on the recommendation calling for “the establishment 
of a Standing Committee on Nomination of Fellows and 
Foreign Honorary Members, consisting of two Fellows 
from each Class, not members of the Council, to be 
elected at the Annual Meeting for terms of two years, 
with the elections so arranged that one member of the 
Committee will lie eleeted each year from each Class, 
and with the President of the Academy serving ex 
officio as the Chairman of the Committee ” 

It was moved that the original motion be amended 
to favor a Committee consisting of four Fellows from 
each Class, chosen one each from the four Sections, and 
that this representation bo preserved when filling va- 
cancies in the Committee The motion to amend was 
lost. 

In the discussion it was pointed out that the creation 
of a standing Committee on Nomination of Fellows and 
Foreign Honorary Members is not intended to replace 
but to supplement existing nomination procedures 

The original motion was earned 

3 It was moved that the Committee report favorably 
on the recommendation that the Fellows "focus atten- 
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tion upon the regional responsibilities of the Academy, 
but do not be unmindful of its national interests ” 

The motion was carried 

In the discussion of a suggestion for a regional study 
of New England, it was pointed out that outside finan- 
cial support and qualified administrative personnel 
would be required for surveys as outlined in the Report 
of the Commission. It was also pointed out that since 
the living problems of New England have social and 
political implications and are therefore certain to tic- 
come controversial at times, the Academy should be 
prepared to become involved in such controversies if it 
acts favorably on this suggestion of the Commission 
4. It was moved that the Committee report favorably 
on the recommendation calling for “the establishment 
of the position of Executive Officer of the Academy" 
whose duties are described in the Report of the Com- 
mission 

In the discussion, the type of person required for this 
position was described It was pointed out that the 
Treasurer was of the opinion that funds would bo avail- 
able, chiefly as the result of the sale of the Library, to 
pay a salary sufficient to attract an Executive Officer 
of the proper qualifications 
The motion was earned 

The Committee of the Whole rose to report at 
10 30 P M and then dissolved 
The meeting was dissolved at 10 35 P M 

One Thousand Three Hundred and Fourteenth Meeting 

December II, 1946— Stated Meeting 
The Academy met at its House at 8 17 P M 
The President in the Chair 
There were present forty-nine Fellows and six 
guests 

The records of the meeting of November 13 
were read and approved 
The President announced the appointment of 
John W, M. Bunker as Corresponding Secretary 
to succeed L. Don Ijeet, whose new duties outside 
the state have necessitated his resignation as 
Corresponding Secretary Dean Bunker will 
serve until the next duly elected incumbent takes 
office 

The Corresponding Secretary reported on the 
actions taken by the Council at its meeting of 
this date. 

New members were introduced by sponsoring 
Fellows 

The President announced that the speaker for 
the January meeting would be Professor Brand 
Blanshard of Yale University, who would speak 


on certain aspects of man's ability to comprehend 
the rapidly increasing store of human knowledge 
The President informed the members that four 
panel discussions had been planned for the Febru- 
ary National Conference on the Support of the 
Visual Arts and that admission would be b\ 
ticket He stated that the members would be 
informed shortly of the complete program for the 
conference, and of the method of applying for 
admission tickets 

The following communication was presented 
Julius A Stratton Electronics in War anil 
Peace 

The meeting was dissolved at 9 55 P M 

One Thousand Three Hundred and Fifteenth Meeting 

January S, 1947 — Stated Meeting 
The Academy met at its House at 8 25 P M 
The President m the Chair 
Tins meeting had been designated as Indies' 
Night, and there were present about one hundred 
and twenty-five Fellows and guests 
The records of the meeting of December 1 1, 
194b were read and approved 
The Corresponding Secretary , on behalf of the 
Special Committee on Statutory and Legislative 
Changes, presented a motion recommending that 
the Academy rescind the current Standing Votes 
1-4 inclusi\e, since the> are no longer operative 
The motion was earned unanimously 

A new member was introduced bj a sponsoring 
Fellow 

The President outlined the final program for the 
February National Conference on the Support 
of the Visual Arts and reminded members to apply 
for tickets to the scheduled panel discussions 
The following communication was presented 
Brand Blanshard Can Man Expand with 
Expanding Knowledge 

The meeting was dissolved at 0 40 P M 

One Thousand Throe Hundred and Sixteenth Meeting 

February 14 and 15, 1947 —Stated Meeting 
The Academy met at its House 
The President opened the meeting 
The meeting had been designated as the 
"Conference on the Artist in Contemporary 
American Society” and there were present about 
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one hundred and seventy Fellows and invited 
guests The Conference was divider! into four 
panel discussions, each with six scheduled 
speakers, as follows 
February 14: 

1000 A. M —12.30 P M Panel Discussion I : What 
does the buyer want from the artislt Chairman, 
Charles S. Sawyer, Worcester Art Museum 
2 30 — 5:00 P M Panel Discussion II Can the artist 
supply what is wanted t Chairman, Edward A 
Weeks, The Atlantic Monthly. 

February 15: 

10-00 A M —12:30 P M Panel Discussion 111. The 
problem of marketing agencies Chairman, Bartlett 
H Hayes, Jr , Addison Gallery 
2-00 P. M — 4 30 P. M Panel Discussion IV The 
artist and the community the problem of interaction 
Chairman, Howard Mumford Jones 

At 8 30 P M. on February 14, W G Con- 
stable, Boston Museum of Fine Arts, delivered a 
public lecture entitled, Art and Everyday Life 
In conjunction with the Conference, an exhibi- 
tion was arranged on the first floor of the Acad- 
emy, to illustrate the way in which typical prob- 
lems within various industries ure handled by the 
contemporary industrial designer The exhibi- 
tion was organized by the Institute of Modern 
Art, Boston, and was open to the public Monday 
through Friday afternoons for four weeks begin- 
ning February 17 

On* Thousand Throe Hundred and Seventeenth Meeting 

March 12, 1947 — Stated Meeting 
The Academy met at the Colonial Room of the 
Copley Plaza Hotel at 7.15 P M 
The President in the Chair 
This meeting had been designated as the Second 
Annual Dinner meeting and there were present 
seventy-seven Fellows, seven of whom were 
honored guests, and five non-member honored 
guests. 

The President introduced the honored guests 
He announced appointment of the Nominating 
Committee as follows. 

Philip Franklin, of Class I, chairman 
Louis C. Graton, of Class II 
Abbott P. Usher, of Class III 
Paul J. Sachs, of Class IV 
The Corresponding Secretary presented recom- 
mendations voted by the Council at a special 


meeting on March 11. The recommendations 
were in response to a report by the Treasurer and 
provided for. 

1. Use of funds to the amount of $1,261, from 
the sale of the Library, to offset the deficit in 
over-all operations for the fiscal year 1946-1947. 

2 Specified appropriations for the fiscal year 
1947-1948 as follows- 


for House expenses 

Operating $ 5,600 

Meetings 2,500 

Stenographer 2,100 

for Library expenses: 

Salaries 3,000 

Other 600 

for Treasurer’s expense 1,500 

for President’s expense 600 

Amory Fund 500 

Thomas Barbour Fund 250 

Kennelly Fund 76 

Permanent Science Fund 2,000 

Publication Committee Fund 1,000 

Rumford Fund 4,000 

Warren Fund 1,000 

Total $24,625 


The recommendations were approved as pre- 
sented 

The Corresponding Secretary moved that the 
Academy approve a bill for presentation to the 
present session of the General Court to amend the 
Academy Charter The bill would enable the 
Academy to determine the size of its membership 
and to puss regulations concerning election, disci- 
pline and expulsion of members The motion 
was carried 

The Corresponding Secretary informed the 
members of the action of the Council to favor 
operation on yearly appropriations, without 
carry over of unexpended balances. This policy 
calls for advance appropriations for foreseeable 
expenses to the Standing Committees, which may 
apply to the Council for additional appropria- 
tions He also stated that all occupants of the 
House of the Academy will share in the operating 
expense. 

The Recording Secretary announced that a 
symposium on the Science Talent Search was 
planned for the April meeting. 

The President reviewed recent Academy ac- 
tivities and urged greater participation by the 
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members in the affairs of the Academy. He 
announced the receipt of a gift of $5,000 to be 
known as the Barbour Fund, the income of which 
is available for general purposes. 

The following communications were presented . 

I. A. Richards: The Language of the Specialist 

William H. Davis: The Art and Science of 
Labor Relatione. 

The meeting dissolved at 10.40 P. M. 

One Thousand Three Hundred and Eighteenth Meeting 

April 9, 1947.— Stated Meeting 

The Academy met at its House at 8.20 P. M 

The President in the Chair. 

There were present twenty-five Fellows and 
twenty-eight guests 

The records of the meetings of January 8, 
February 14 and 15, and March 12 were read and 
approved. 

The Recording Secretary reported on the 
Initiating Meeting of the Inter-Society Commit- 
tee on Science Foundation Legislation held in 
Washington on February 23 He also gave the 
results of a poll dated March 13, of delegates to 
the Inter-Society Committee, on questions of 
composition, policies, and program of a National 
Science Foundation 

Bart J. Bok, representative of the Academy at 
the first National Conference on UNESCO held 
in Philadelphia on March 24-26, reported on the 
results of the conference 

The Corresponding Secretary announced that 
the Council had started consideration of the 
recommendations of the Committee on Revision 
of the Statutes at its April meeting and planned 
to complete the discussion at its May meeting 
He announced that the report to the Fellows 
would be made at the October meeting 

The general subject of the communication was 
the National Science Talent Search The speakers 
were Harlow Shapley, Watson Davis, and 
Fletcher G. Watson. 

At the conclusion of the discussion of the com- 
munication, it was moved and seconded that 
"It is the sense of this meeting that the American 
Academy of Arts and Sciences should concern 
itself with the discovery, encouragement, and 
development of latent scientific talent in New 
England and especially in Massachusetts. It is 


therefore recommended that a Committee be 
formed under the auspices of the American 
Academy of Arts and Sciences, which will be 
broadly representative of all groups interested in 
science education at the secondary school level, 
and that this Committee be instructed to explore 
ways for encouraging our potential young 
scientists.” 

The motion was earned. 

The meeting dissolved at 10.25 P. M. 

On* Thousand Three Hundred and Nineteenth Meeting 

May 14, 1947 — Annual Meeting 
The Academy met at its House at 8 30 P M 
The President in the Chair. 

There were present forty-three Fellows and 
seven guests. 

The records of the meeting of April 9 were read 
and approved 

The Corresponding Secretary read the names 
of the newly elected members of the Academy, 
as follows' 

FELLOWS 
Class I, Section 1 

Howard Hathaway Aiken Newton 

Class I, Section 2 

Hans Albrecht Bethe Ithaca, N Y 

Edward Uhler Condon Washington, D. C 

Class I, Section 3 

Paul Clifford Cross Providence, R I 

Clark Conkhng Stephenson Cambridge 

Class I, Section 4 

Charles Winters MacGregor Belmont 

Class II, Section 3 

Arnold Gesell . New Haven, Conn 

Class II, Section 4 

Arthur Wilburn Allen Brookline 

David Lawrence Belding Boston 

Sanford Burton Hooker West Roxbury 

Francis Minot Rackemann Boston 

James Stevens Simmons Brookline 

Richard Mason Smith Boston 

Merrill Clary Sosman Chestnut Hill 

Shields Warren West Newton 

Class III, Section 1 

Mark DeWolf Howe Cambridge 

John Lord O'Brian Washington, D. C 

Class III, Section 2 

William Phillips. North Beverly 

Sumner Welles Oxon Hill, Md 
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Class III, Section 3 

George Pierce Baker Boston 

Fritz Jules Roethlisberger Cambridge 

Class III, Section 4 

Thomas Dudley Cabot Weston 

William Henry Claflin, Jr. Belmont 

Mildred McAfee Horton Wellesley 

Ralph Lowell Westwood 

Class IV, Section 1 

Norman Burdett Nash Boston 


Class IV, Section 2 

Ruth Fulton Benedict Now York, N. Y 

Wilbur Kitchener Jordan Cambridge 


Class IV, Section 3 

Ivor Armstrong Richards Cambridge 

William Freeman Twaddell Providence, R I 


Class IV, Section 4 

Richard Burgin 
John Dos Passos 
Milton Edward Lord 
Lewis Mumford 


Brookline 
Province town 
Boxford 
Amcnia, N Y 


FOREIGN HONORARY MEMBERS 


Class I, Section l 
Edward Arthur Milne 
Meghnad Saha 

G A Shajn Simeis, 

Ivan Matveitch Vinogradoff 

Class I, Section 2 
Sir George Paget Thomson 


Oxford 

Calcutta 

USSR 

Moscow 


London 


Class II, Section 1 

Wen-hao Wong Nanking 

Class II, Section 2 

P. Maheshwan Dacca, India 

Alf Erling Porsild Ottawa 

Class II, Section 3 

Augustus Daniel Imras, Tipton St John’s, Devonshire 
Class III, Section 1 

Paal Berg Oslo 

Class IV, Section 1 

Godfrey Hilton Thomson Edinburgh 

Class IV, Section 3 

Hamilton Alexander Rosskcen Gibb Oxford 

Joseph Klausner Jerusalem 


The following annual reports were read and 
approved • 


REPORT FROM THE COUNCIL 
Since the last report of the Council, there have been 
reported the deaths of twenty-three Fellows: Wilfred 
Bolster, Willa Sibert Cather, Henry Helm Clayton, 


Irving Fisher, Allyn Bailey Forbes, Roger Sherman 
Greene, Hammond Vinton Hayes, William Clifford 
Heilman, Edward Godfrey Huber, Carl Newell Jack- 
son, Herbert Spencer Jennings, Willis Linn Jepson, 
Kirsopp Lake, Henry Lefavour, Edward Laurens 
Mark, Albert Davis Mead, John Anthony Miller, 
Curtis Hidden Page, Leo S Rowe, William Berryman 
Scott, Horatio Elwin Smith, Bentley Wirt Warren, 
Westel Woodbury Willoughby; and of five Foreign 
Honorary Members: Miguel Asin y Palacios, Sir 
Joseph Barcroft, William Warwick Buckland, Pierre 
Janet, and Fnodnch Paschen. Four Fellows have 
resigned. Howard Sylvester Ellis, Gottfried Haberler, 
Perry Gilbert Eddy Miller, and Harold Glenn Moulton 
Six Fellows have been classed as Emeriti: Reginald 
Aldworth Daly, Joseph Horace Faull, Sidney Bradshaw 
Fay, James Geddes, Jr , Charles Howard Mcllwain, 
and George Edmond Russell. 

One transfer has been made from Foreign Honorary 
Member to Fellow William George Constable 
In May 1046, the election by the Council of thirty- 
five Fellows and seven Foreign Honorary Members was 
announced to the Academy: all except three of these 
accepted election. 

The roll now includes 764 Fellows, 29 Fellows 
Emeriti and 116 Foreign Honorary Members (exclusive 
of those elected in 1947). 

The Academy is informed that its petition intro- 
duced into the House and the Senate of Massachusetts 
to amend the Act which governs the number of mem- 
bers of the Academy will be given a hearing on May 19, 
1947, at which officers of the Academy will be present 
The Council has voted that consideration of pro- 
posed amendments to the Statutes of the Academy 
will be the principal order of business of the stated 
meeting of the academy in October, 1947. 

REPORT OF THE TREASURER 
(Extract) 

•Receipts, 1946-1947 
Academy, General 
Investment Income 

$13,673.06 

Less: Income to 
Special Funds 13,776 36 

$4,896 70 

Assessments and Admission 
Fees 6,46000 


Mabel S. Agassiz Fund 

$11,366 70 

Investment Income 

Amory Prize Committee 

108.40 

Investment Income . 

3,966.60 

Thomas Barbour, Bequett from Estate of 
Carnegie Corporation, for Visual Arts Con- 

5,000 00 

ference. . 

2,000.00 


• Excluding sales of securities 
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Kennelly Fund 
Investment Income 
Life Membership Fund 
From Eric G. Ball 
Permanent Science Fund 

Boston Safe Deposit and 


Trust Co., Trustee $11,333.74 

Investment Income 1,788 60 


Publications Committee. 

Investment Income $2,710.00 

Sale of Publications 696.61 

Lake Publications 276 05 


Rumford Committee 

Investment Income $4,139 60 

Return of Grant 30 74 


$76.88 


13,122 34 


3,682 66 


Library Sale Fund 
From Linda Hall Library Trustees 
Special House Alteratuma Fund 
Contributions and Sales 
C. M. Warren Committee 
Investment Income 


4,170 34 
140,000.00 
168.50 
997 28 


Total Receipts 


•Expenditures, 1946-1947 
Academy, General 
Library, Salaries. $2,492 00 

Books & Binding 413 14 

$2,905 14 

General (Net) 2,773.91 

House (Net) 5,014 33 

President’s Expense 224 93 

Treasurer’s Expense (Net) 851 92 

Insurance $1,157 63 

Less Unexpircd 

Premiums 635 20 522 43 

$12,292 66 


Mabel S Agassis Fund 
For Meetings 

Anwry Prise Committee 
Expense 

Carnegie Corporation, for Visual Arts Con- 
ference 

Permanent Science Fund 
Grants $8,625 00 

Expense 9.50 


Publications Committee 
General $821.04 

Lake 12.56 

Hatch 2,690.19 


108 40 
76 50 
2,131 82 


8,634 50 


Rumford Committer 

Grants 800 00 


Library Sale Fund 

Boxes and Express $2,109 67 

Special Expense Fund ( Mather Committee) 327 37 

Special House Alterations Fund 15,378 55 

C M Warren Committee 

Grants 1,000 00 


Total Expenditures $46,383 26 


REPORT OF THE RUMFORD 
COMMITTEE 

Three research grants have been made 
To Dr Leo L Baranek, Cruft Laboratory, Harvard 
University, to assist in researches on the transfer of 
acoustic energy into heat energy in samples of fibrous 
materials, such as cotton, kapok, and Fiberglas $400 
To Dr O Oldenberg, Physics Laboratory, Harvard 
University, to assist in tho investigation of the kinetics 
of free hydroxyl radicals, $400 

To Dr Willem J Luyten of the University of Minne- 
sota, to assist in researches on the motions and lumi- 
nosities of dwarf binary stars, $250 
One apphcation is pending Unused remainders of 
grants have been returned from F Schlesmger, C T 
Elvey, D K Fromm, and G Z. Dimitroff, in the total 
amount of $764 98 

The balance in the Rumford Fund available on this 
date for the use of the Committee is nearly seventeen 
thousand dollars, and the Treasurer estimates the 
income for 1947-1948 will be $4,120 
The Committee plans to consider the advisability of 
making larger grants in aid of reserach than has hereto- 
fore been the custom For several years we have 
limited our grants to four hundred dollars and less. 

The Committee is in tho process of selecting a 
candidate for the Rumford Medals, to be awarded at 
some meeting of the Academy during the year 1947- 
1948 

Satisfactory reports have been received from some 
Rumford Fund grantees The Committee is in the 
embarrassed possession of a valuable diamond which has 
been returned by a grantee whose researches no longer 
require this accessory The Council nviy wish to 
decide what officer or agency should be designated 
keeper of the Academy’s jewels 

Respectfully submitted, 

Harlow Shaplet, Chairman 

May 14, 1947 

REPORT OF THE CYRUS M. WARREN 
COMMITTEE 

The Committee had available for grants during the 
fiscal year 1946-1947 the Bum of $1,000 00, which was 
appropriated at the March, 1946 meeting 

The following grants were made after consideration 
by the Committee of the applications submitted 
To Professor I. Amdur of the Massachusetts Insti- 
tute of Technology, a grant of $300 for the purchase of 


Excluding purchases of securities 
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pure deuterium gas to be used in extending bis research 
on scattering of high velocity hydrogen atoms by hydro- 
gen molecules to systems involving all possible combina- 
tions of atoms and molecules of deuterium as well as 
atoms and molecules of hydrogen 

To Professor Edward R Atkinson, University of 
New Hampshire, a grant of $400 to be used toward the 
purchase of a Heyrovsky Polarograph for use in connec- 
tion with research on the action of reducing agents on 
diazotized amines 

To Professor Pierre Van Ilysselberghc, University of 
Oregon, a grant of $300 to be applied on the purchase 
of an electric analyzer and two sets of platinum elec- 
trodes, items needed for continuation of research in the 
field of solutions 

A letter was received from Professor E C Gilbert of 
Oregon State College reporting on a 1940 grant from 
the Cyrus M Warren Fund The thermometer bridge 
purchased by the aid of a grant is functioning but 
there has been delay in publication of the material 
Reprints will be forthcoming shortly 

A report from Professor Atkinson states that the 
polarograph has been in daily use and that a paper 
based on work with the instrument will be presented at 
the American Chemical Society meeting in New York 
in September 

Professor Amdur reports that the pure deuterium 
gas has been obtained and the research is still in prog- 
ress. It is expected that experimental results will be 
available during the commit year. 

Reprints have been received as follows 

Studies on Film-Forming Yeasts Acid Production 
by Zyyopichia and Zygohansenula by Walter J Nicker- 
son. Mycologia, 36, 224-233 (1944) 

On the Metabolism of Zygosaccharomyces by Walter 
J Niokerson and William R Carroll Archives of 
Biochemistry, 7, 257-271 (1946) 

Respectfully submitted, 

Frederick G Keyes, Chairman 

May 14, 1947 

REPORT OF THE COMMITTEE OF 
PUBLICATION 

The Committee has held only one meeting during the 
year, this a fairly long one, but a considerable amount 
of work was done by correspondence, since it seemed 
difficult to get all the members together more fre- 
quently As only a few papers were submitted for 
publication, regular meetings were hardly needed. 

The most considerable pubhcation issued was the 
Album of Dated Synac Manuscripts by W. H P. Hatch 
All the editorial work in this volume was done by the 
previous Editor of Publications. The volume was 
ready except for title page, binding, and cover jacket, 
and the final arrangements with the Harvard Uni- 
versity Press. The Harvard University Press accord- 
ing to an earlier contract undertakes the marketing of 
the book and distributes review copies The binding 
was delayed for a number of months because of shortage 


of materials, but the volume finally appeared early in 
1947. Review copies have been distributed. 

Late in 1946 Howard M Jones, The Literature of 
Virginia in the Seventeenth Century appeared as Mem- 
oirs, Volume XIX, Part 2 This had been accepted 
in the year 1945-1 946 and was partially in type when the 
incumbent editor assumed office 
One number of the Proceedings, Volume 76, No 2, 
was accepted and published, a continuation of Frank M 
Carpenter’s study of Permian Insects from Oklahoma 
As a special pubhcation the Committee accepted the 
account of the panel discussion on the Ecological Ap- 
proach to Land Use held at the Academy’s meeting of 
May 8, 1946. This had been printed in the Journal of 
Soil and Water Conservation, Volume I, No 2 (October, 
1946). Offprints were made and provided with a 
special cover and made available to Fellows 
Furthermore, the editor earned out the policy in- 
augurated last year of having planographed and dis- 
tributed abstracts of the communications to the Acad- 
emy In this series was included a summary of the 
Report of the Conference on the Support of the Visual 
Arts held at the Academy’s House on February 14 and 
15, 1947 

No action is pending on any manuscript and nothing 
is in press. Pending are negotiations for the possible 
publication of a Study of Massachusetts Facilities for 
Child Health earned through by the American Pediatric 
Association A meeting has been arranged for May 14 
which will perhaps result in a proposal to be laid before 
the Editorial Committee 

The Publication Accounts were submitted by the 
Treasurer as of March 12, 1947 They show an over- 
draft of $2,182 90 in tho Hatch Account but a credit 
balance of $9,902 79 in the General Account and a credit 
balance of $1,590 81 in the Lake Account By Council 
action on March 11, 1947, these accounts have all been 
consolidated and $1000 appropriated for the initial 
pubhcation expenditures for 1947-1948 The funds in 
sight are therefore ample for normal publication 
activities 

Respectfully submitted 

Taylor Starck, Chairman 

May 14, 1947 

REPORT OF THE LIBRARY COMMITTEE 
We submit the following statement of account 


Appropriated 


Salaries 

$2,700.00 

Books, Periodicals, Binding 

60000 

Expended 

$3,300.00 

Salaries 

$2,492.00 

Binding 

164.90 

Repair 

111.00 

Books of reference 

137.24 

$2,906.14 
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Funds appropriated to the library have long covered 
several fields: first, the care and circulation of books, 
serials and pamphlets, represented in the salary of the 
Assistant Librarian, secondly, the filling and dispatch 
of completed publications and the reception of items 
exchanged or subscribed for, including their binding, 
again implemented by the same salary, third, the opera- 
tion of the Academy’s central office, subject to the 
needs of its officers, such as handling current announce- 
ments, roll of membership, collection of dues, telephone 
service, and items arising in connection with meetings 
and outside organizations — these also devolving upon 
the versatility of the Assistant Librarian And it 
should not be forgotten that for many years that office 
has had, in the oversight of nearly 60,000 volumes, the 
sole assistance of the resident custodian of the building, 
separately supported by the building appropriation — 
these together constituting the library staff. 

Economies effected by present changes are impor- 
tant, though as yet few Periodical subscriptions have 
been virtually eliminated From now on there will be 
bills for essential reference works, but none for binding 
other than of our own publications. Repair work on 
books, for years at a standstill, no longer threatens the 
treasury But against these economies the library 
must for the time being shoulder one increase in ex- 
penditure — that of extra employment. During the 
concurrent renovation of the building and dismantling 
of stacks, the office has been sorely taxed to meet the 
world-wide renewal of demand for our publications, so 
long dammed up by war The work of checking, sort- 
ing and shipping this material is arduous and requires 
specific skilled attention. This demand has fortu- 
nately been met by Mr. Richard Hoffman's experienced 
service, and such abilities will be required as long as the 
present organization of our exchange program contmues. 

A collection of about 860 volumes, the gift of founders 
and other early donors, awaits distribution to special 
libraries or appropriate depositories, with the desira- 
bility in mind of retaining certain items of special his- 
torical significance, some of which have been restored 
with great skill by Miss Irene Tilden The majority 
of the volumes, the bequest of Governor Bowdoin, is 
fittingly destined for deposit in the James Bowdoin 
collection at Bowdoin College We are grateful to 
Mrs. Anne Smith, who has always stood ready to serve 
in emergencies (as during Mrs Ball’s recent unfortunate 
wrist injury) for her interest and efficient aid in listing 
and arranging all of these ancient treasures. 

Respectfully submitted, 

Frederick Haven Pratt, Chairman 

May 14, 1947 

REPORT OF THE HOU8E COMMITTEE 

At the request of the Lowell Institute Cooperative 
Broadcasting Council, office space of 1200 square feet 
has been provided on the fourth floor of the Academy 
House by removing the bookcases and books formerly 
occupying the westerly portion of this floor, the walls 


have been redecorated, the floor refinished and fluores- 
cent lighting fixtures installed, making the quarters for 
the Council highly satisfactory One-half of the cost 
of the repairs is to be paid by the Institute which also 
pays a reasonable amount towards maintenance 
Prior to the allotment of this space the Council staff 
used the Reception Room on the Ground Floor 
The packing of books for shipment to the Linda Hall 
Library in Kansas City, as per contract, has been 
nearly completed Due to the lack of storage space in 
Kansas City, the Academy has temporarily Htored u 
considerable number of packed books in boxes 

During the year of 1946-1947 meetings have been 
held in the Academy Building as follows 
Antiques Committee, Massachusetts Federation of 


Women’s Clubs 3 

Boston Mineral Club 9 

Brookline Bird Club 1 

Children’s Museum, Trustees 4 

Greater Boston Orchestral Society 1 

Institute for Religious and Social Studies 10 

New England Botanical Club S 

N E Farm and Garden Association 9 

Students’ Branch, American Management Assoc 1 

Women’s Travel Club 1 

Total 47 


There was received from these Societies and from 
the Lowell Institute Cooperative Broadcusting Council 
and the Boston Society of Natural History for use ol 
facilities, the sum of $593 16 The total expenditures, 
however, for operation were as follows 


Custodian $ 1 , 693 80 

Fuel 1,234 17 

Electricity (Light and Power) 432 80 

Elevator (Service and Repairs) 222 38 

Telephone 245 42 

Gas 17 32 

Water 51 40 

Equipment 600 36 

Upkeep 291 41 

Janitor’s supplies and sundries 218 43 

Thomas H Gately’s pension 600 00 

$5,607 49 

Receipts 593 16 


Total Net Expenses $5,014 33 

The appropriations for the House Committee for the 
year 1945-1946 were- 

Operation $3,60000 

Additional salary to T L 
Redgate 450 00 

$4,050 00 

The House Committee recommends the adoption of 
revised Rules for the Use of the House as follows 
Preamble to be revised and simplified 
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Section 4— Rule is modified by changing the rates 
charged for the use of the rooms as follows: For the use 
of the Assembly Room the rate is raised from $10 to $15 
For the use of the Reading Room the rate is changed 
from $15 to $10, if no refreshments are served If 
refreshments are served, $5 additional will be charged 
Strike out in the second line “and the Reception Room’ ’ 
and also in the last lino “for small groups” and insert 
“in special cases ” 

Section 6 — The rules for keeping a visitors’ book is 
stricken out as this rule has not been observed in the 
past. 

Section 6 — Substitute “House Committee” for 
"Assistant Librarian ” 

Section 7 — Revise by Btnking out in the second line 
the words “introduced by fellows” and in the third line 
“and endorsed by the Council Societies,” also strike 
out “not on the approved list should make” and in the 
same hne “to the Assistant” and on the fifth line strike 
out “Librarian” and insert “House Committee should 
be made ” Strike out the last two words “and in” 
and also strike out the last line 


The rules will then read as follows 

Rules for the Use of the House 
Preamble 

The Council wishes to encourage the use of the 
Academy House for meetings of learned and cultural 
societies in accordance with the following rules 

Rules 

1 The House of the Academy shall be available for 
the use of Fellows of the Academy at all reasonable 
hours 

2. Except as otherwise provided, the privilege of 
using the House of the Academy shall be enjoyed by 
Fellows only, who shall, however, be permitted to 
bring guests with them to a number not exceeding 
twenty 

3 Fellows introducing guosts shall be responsible for 
any injury caused by them to the property of the 
Academy 

4 Fellows or organizations introduced by them may 
use the Committee Room on the ground floor and also 
the Assembly Hall and the Reading Room For the 
use of the rooms on the ground floor no charges will be 
made For the use of the Assembly Hall a charge of 
$15 will be made for each occasion, for the Reading 
Room there will be a charge of $10 if no refreshments 
are served; or $15, if there are refreshments An 
additional charge of $5 will be made for each hour or 
fraction of an hour during which the rooms are occupied 
after 11 P M The House Committee is authonzed, 
however, to reduce the charges in special cases 

5 Fellows, or organizations introduced by them, 
desiring to use either of the two large rooms for a 
meeting shall make application to the House Committee 
not less than one week in advance of the time at which 
the meeting is to be held 

6. The privileges of the House shall be limited to 
Fellows and their guests and to learned and cultural 
societies, approved by the House Committee Written 
application to the House Committee should be made at 
least two weeks m advance of the proposed meeting 
Respectfully submitted, 

Charles M Sfofford, Chairman 


REPORT OF THE COMMITTEE ON THE 
PERMANENT SCIENCE FUND 

The Committee on the Permanent Science Fund 
recommended the following grants-m-aid which were 
approved by the Council of the American Academy of 
Art* and Science* for the year 1946-1947 
October lOJfi 

1. To C. L. Hayward, Associate Professor of Zoology, 
Brigham Young University, Provo, Utah; for travel and 
publication expense in an investigation of the Ecology 
of Alpine Biotic Communities in western North 
America, $500. 

2. To Seymour E Harris, Professor of Economics, 
Graduate School of Public Administration, Harvard 
College, for clerical assistance in extending a study of 
the Economic Aspect* of the Release of Atomic Energy, 
$600 

3 To Herbert L. Eastlick, Associate Professor of 
Zoology, State College of Washington, Pullman, 
Washington, for equipment, expendable materials, and 
publication of a study on the Embryology of Melano- 
blasts in the Silkie Fowl, $350 

4. To C. C. Hoff, Assistant Professor of Zoology and 
Parasitology, Colorado Agricultural and Mechanioal 
College, Fort Collins, Colorado, for studies on the 
Biota and Ecology of Certain Types of Montane 
Forests in Colorado, $200. 

5 To T. H. Goodspeed, Professor of Botany and 
Director of the Botanical Garden, University of Cali- 
fornia, Berkeley, California, for services of an artist in 
Completing Preparation of a Monograph on Nicotiana, 
$550, contingent upon assurance that this aid will 
insure publication of same. 

Total amount of grants-in-aid awarded October, 
1946— $2,200 

April 1947 

1 To I Amdur, Associate Professor of Physical 
ChemiBtry, Massachusetts Institute of Technology, 
Cambridge 39, Massachusetts, for expendable materials 
and for assistance in continuation of an experimental 
study of atomic and molecular interaction potentials, 
$4,000 

2 To T H Bissonnette, Professor of Biology, 
Trinity College, Hartford 6, Connecticut, for continua- 
tion of a study of photopenodism in animals, $400 

3. To C. J Goin, Instructor in Biology, University 
of Florida, Gainesville, Florida, for a genetic study on 
certain amphibia in Jamaica, $350 

4 To H. B. Hitchcock, Associate Professor of Bi- 
ology, Middlebury College, Middlebury, Vermont; for 
travel and expenses for a part of his study of the distri- 
bution and migration of Myolte 1. Lucifugus and 
other bats, $450 

5. To H. L. Movius, Jr., Assistant Curator of 
Palaeolithic Archaeology, Peabody Museum, Harvard 
University, Cambridge 38, Massachusetts, for a study 
of the significance and chronology of the Old Stone Age 
cultures within the territories of the U. S. 8. R., $1,500 


May 14, 1947 
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Total amount of grants-in-aid awarded April, 1947— 
<6,700. 

Total number of grants for 1946-1947—10 
Total amount of grants for 1946-1947 — <8,900 
Respectfully submitted, 

John W. M. Bunker, Chairman 

May 14, 1947 

REPORT OF THE AMORY PRIZE 
COMMITTEE 

After considerable discussion of the deferred award 
to Dr. Laqueur it was voted to be the opinion of the 
present committee that the award voted to him in 1941 
is now due, should be paid to him in any fashion he 
desires, and should be publicly announced 

Attention was given to the terms of the Amory 
award, considering the precise terms of this bequest, 
legal opinions regarding these terms, and understand- 
ings and precedents of the first Amory Prize Committee 
It was the consensus of opinion that the donor de- 
sired primarily that the awards be made for the en- 
couragement of work of immediate therapeutic rele- 
vance but that such work being not available, work 
indirectly important to the treatment of disorders of 
the reproductive organs in human beings should be 
recognized. It was agreed that fundamental re- 
searches throwing light on the function of any of the 
reproductive organs has such importance 
It was further agreed that in case no single piece of 
work appeared to be of sufficiently groat merit to justify 
awarding the entire prize to one individual, the avail- 
able sum could most appropriately be divided into 
several lesser sums for individual awards 

It was the consensus that, other things being equal, 
awards to younger investigators rather than to estab- 
lished proponents would be withm the letter of the 
terms of bequest and would most nearly promote the 
expressed purpose of the donor. 

It was recognized that only work done in the pre- 
ceding seven years was to be considered m assigning 
awards 

It was also decided that the funds should be awarded 
principally in the form of cash prizes, with some sort of 
relatively inexpensive scroll or certificate in addition 
(The terms of the bequest permit this procedure.) 

It was further agreed that the traveling expenses of 
the recipient, incurred m attendance upon a meeting of 
the Academy for receipt of the awards, would be paid 
and that they would be entertained at dinner on the 
evening of the said meeting. 

The Secretary reported that an announcement of the 
awards with requests for nominations had been pub- 
lished throughout the world and that letters had been 
sent to several men in the field of gemto-urology, asking 
for nominations. 

Those nominated to date number twenty-nine. 
Recommendations for the next award will be made to 


the Council after November 10, 1947 upon which date 
the current Septenmum terminates 

Respectfully submitted, 

Roy G Hoskins, Secretary 


On the recommendation of the Treasurer, the 
Academy voted that the unnual assessment for 
the year 1947-1948 for Resident Fellows he con- 
tinued at fifteen dollars 

The following officers and committees were 
elected for the coming \ ear 


Howard M. Jones . 
Roland G. D Richardson 
Irving W Bailey 
Erwin N Griswold 
Donald Scott 
John W. M. Bunker 
Isadora Amdur 
Horace 8 Ford 
Frederick H Pratt 
Taylor Starck 


President 
Vice-President for Clan I 
Vice-Prendent for Claes II 
Vice-President for Class III 
Vice-President for Class IV 
Corresponding Secretary 
Recording Secretary 
Treasuret 
Librarian 
Editor 


Councillors for Four Years 


Joseph H Keenan Class I 

Paul C Mangelsdorf Class II 

Harvey H Bundy Class III 

William G Constable Class IV 


Committee on Permanent Scienci Fund 
John W. M Bunker, Chairman 
Roger Adams Edward L Moreland 

Kirk Bryan Julius A Stratton 

A Baird Hastings Pnyson S Wild, Jr 

Finance Committee 

Ralph E Freeman Henry P Kendall 

Jerome C Hunsaker Henry L Shattuck 

Rumford Committee 
Harlow Shapley, Chairman 

Percy W. Bridgman Joseph H Keenan 

Arthur C. Hardy Edwin H. Land 

George R Hamson Francis O Schmitt 

C M. Warren Committee 
Frederick G Keyes, Chairman 
Louis F, Fieser Kenneth L Mark 

Grinnell Jones Avery A Morton 

Charles A Kraus Walter C Schumb 


Amory Prize Committee 
Edwin B Wilson, Chairman 
William B. Castle George W. Thorn 

Roy G. Hoskins George B Wislocki 

Gregory Pincus 8. Burt Wolbach 

Committee of Publication 
Taylor Starck, Chairman, ex officio 
Ernest H. Huntress Class I 

Kenneth V. Thimann Class II 
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Thomas North Whitehead Class III 

Kenneth J Conant Class IV 

Committee on the Library 
Frederick H Pratt, Chairman, ex officio 
Raymond C Archibald Class I 

Charles A. Weatherby Class II 

Francis N Balch Class III 

Henry B. Washburn Class IV 

Auditing Committee 

Donald S Tucker Thomas H Sanders 

Hoube Committee 
Charles M Spofford, Chairman 
Chester M Alter H Addington Bruce 

John B Wilbur 
Committee on Meetings 
The President 
The Recording Secretary 

Bart J Bok Arthur Clay Cope 

Douglass V Brown Henry B Phillips 

A new member was introduced by a sponsoring 
Fellow 

The following communication was presented. 

Edward U Condon The Work of the National 
Bureau of Standards 

The meeting was dissolved at 10 15 P M 

One Thousand Three Hundred and Twentieth Meeting 

October 8, 1947 — Stated Meeting 

The Academy met at its House at 8 20 P. M 

The President in the Chair. 

There were present forty-two Fellows 

The records of the meeting of May 14 were read 
and approved. 

The Corresponding Secretary reported the 
receipt of letters accepting Fellowship from 28 
newly elected Fellows Howard Hathaway Aiken, 
David Lawrence Belding, Ruth Fulton Benedict, 
Richard Burgin, Thomas Dudley Cabot, Edward 
Uhler Condon, Paul Clifford Cross, John Dos 
Passos, Arnold Gesell, Sanford Burton Hooker, 
Mark DeWolfe Howe, Wilbur K Jordan, Milton 
Edward Lord, Ralph Lowell, Charles Winters 
MacGregor, Lewis Mumford, Norman Burdett 
Nash, John Lord O’Brian, William Phillips, 
Francis Minot Rackemann, Fritz Jules Roethlis- 
berger, James Stevens Simmons, Richard Mason 
Smith. Merrill Clary Sosman, Clark Conkling 
Stephenson, William Freeman Twaddell, Shields 
Warren, Sumner Welles, from 10 Foreign Hono- 
rary Members: Paal Berg, Hamilton Alexander 


Rosskeen Gibb, Augustus Daniel Imms, P. 
Maheshwari, Edward Arthur Milne, Alf Erling 
Porsild, Meghnad N Saha, Sir George Paget 
Thomson, Godfrey Hilton Thomson, Wong Wen- 
hao; also letters declining Fellowship from three 
newly elected Fellows: Hans Albrecht Bethe, Mil- 
dred McAfee Horton, Ivor Armstrong Richards. 

He also announced that the Council had ac- 
cepted with regret the resignations of Walter F. 
Dearborn, IV, 1, Walter Hunter, IV, 1, L Don 
Leet, II, 1, and that an error had been made in 
reporting the death of Louis E. Lapicque, Foreign 
Honorary Member, m the Council minutes of 
April 22. 

The Fellows approved the action of the Council 
calling for a gift of $250 with a suitable document 
of presentation to Mrs M F Ball in recognition 
of more than twenty-five years of faithful service 
to the Academy. 

New members were introduced by sponsoring 
Fellows 

The President introduced the newly appointed 
Executive Officer, Ralph W. Burhoe, who told the 
Fellows of his future plans and solicited their 
cooperation in helping hitn to vitalize the Acad- 
emy along the lines recommended in the Report on 
the Present Status and Future of the Academy 
The principal business of the meeting was the 
consideration of the Report of a Special Com- 
mittee on Revision of the Statutes The Presi- 
dent outlined the major changes which had been 
made in revising the Statutes, The Correspond- 
ing Secretary reported that the Council had ap- 
proved the revised Statutes as circulated to the 
Fellow's and moved that the Academy proceed to 
approve the revised statutes Chapter by Chapter. 
The following actions were taken- 
a Chapter I, approved. 

b Chapter II, approved after discussion in which it 
was pointed out that the revised Statutes permitted an 
increase in the number of Fellows to one thousand 
without actually requiring expansion beyond the pre- 
vious limit of eight hundred members. During the 
discussion it was pointed out that it would be desirable 
to revue the nomenclature of the clasaes and sections 
in the near future, 
c Chapter III, approved 
d Chapter IV, approved 
e Chapter V, approved 

f. Chapter VI, approved 

g. Chapter VII, approved. 
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h. Chapter VIII, approved. 

i. Chapter IX, approved with the substitution of 
“particular publications” for “special publications” at 
the end of Article 0 Several typographical errors 
were pointed out for correction During this discus- 
sion the Fellows were urged to make greater use of the 
publication facilities of the Academy for presentation 
of original contributions The Treasurer felt that the 
Academy funds were adequate to take care of con- 
siderable expansion of this portion of the Academy’s 
publication activities 

j Chapter X, approved 

k. Chapter XI, approvod 

l. Chapter XII, approved A motion was lost 
calling for substitution of "but not less than 27” for “in a 
meeting of not less than forty Fellows” in the last 
sentence of Article 5 

A motion to adopt the revised Statutes as 
amended was carried 

The Corresponding Secretary, as secretary of a 
Special Committee on Implementing the Revised 
Statutes, presented the following motion 

Moved That the Statutes as amended and enacted 
October 8, 1047, shall become effective following the 
next annual election of officers m May 1948, except that 

(1) The Council, at its meeting on November 12, 
1947, shall appoint an interim special Committee on 
Membership to serve until its successors are elected, as 
described m Chap XI (Revised), Art 1, Sec n, with 
duties as specified in Chap III (Revised) 

(2) The nomination and election of Fellows in May, 
1948 shall be according to procedure as set forth in 
Chap III (Revised) 

(3) The election of officers and Standing Committees 
in May, 1948 shall conform to the revised Statutes 

(4) Chap VII (Revised) and Chap VIII (Revised) 
pertaining respectively to the Treasurer and the 
Librarian shall become effective immediately 

(5) Chap IX, on the Editor and Publications, shall 
be put into effect after adoption of tho revised Statutes 

(6) Chap X, concerning the Council, shall become 
effective at once upon vote of the Council 

Mr Shapley, chairman of the Rumford Com- 
mittee, pointed out that due to the war, no 
Rumford premium had been awarded for four 
years and that it therefore might be necessary to 
award a premium retroactively to fulfill the con- 
ditions of the Rumford Trust calling for a bien- 
nial recommendation to the Council of a candidate 
for reception of the premium During the dis- 
cussion, Mr Wyzanski pointed out that the 
Statutes did not call for Council approval of 
research grants in aid voted by the Rumford 
Committee. 


A vote of thanks to the Special Committee on 
Revision of the Statutes was passed 

The meeting was dissolved at 9 50 P M 

One Thousand Three Hundred and Twenty-flrat Meeting 

Novembf.r 12, 1947 — Stated Meeting 

The Academy met at its House at 8 15 P M 

The President in the Chair 

There were present forty-seven Fellows and 
thirty-three guests 

The records of the meeting of October 8 were 
read and approved 

The Corresponding Secretary reported the 
following actions of the Council 

1 The designation of Walter F Dearborn, IV, 
1, as Fellow Emeritus instead of acceptance of 
resignation as previously recorded 

2 The acceptance with regret of the resigna- 
tion of Karl Sax, II, 2 

3 Authorization of the President to appoint 
an interim Committee on Membership to serve 
until the election of the regular Committee on 
Membership at the next annual election 

4 Authorization of a joint Committee of the 
American Academy of Arts and Sciences and the 
Boston Museum of Science which will cooperate 
with other groups to encourage interest in science 
among secondary school students 

The President invited the Fellows, on behalf of 
the Committee for the Arthur Delmn Little 
Memorial Lecture, to attend the Second Memorial 
Lecture on the topic, "Physics in the Contem- 
porary World,” at the Massachusetts Institute 
of Technology, November 25, 1947 The lec- 
turer, J. Robert Oppenheimer, is a Fellow of the 
Academy 

New members were introduced by sponsoring 
Fellows. 

The following communications on Problems m 
Evolution were presented 

F. L Whipple Some Current Trends of Thought 
Concerning Cosmic Evolution. 

A. S. Romer Advances m the Study of Organic 
Evolution 

Bart J. Bok and F L Hisaw commented 
briefly on current research trends in astronomy 
and biology. 

The meeting was dissolved at 10 20 P M 
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One Thousand Three Hundred And Twenty-second 
Meetlnc 

December 10, 1947 —Stated Meetin<. 

The Academy met at the Georgian Room of 
the Statler Hotel at 7 00 P M 
There was no scheduled business and the Cor- 
responding Secretary acted as toastmaster in the 
absence of the President 
This meeting had been designated as the Third 
Annual Dinner Meeting anti Iatdies’ Night 
There were present, in addition to the speaker of 
the evening, fifty-five Fellows and their ladies 
The Corresponding Secretary briefly addressed 
the meeting on the traditions of the Academy in 
introducing the speaker of the evening, George D 
Stoddard, President of the University of Illinois, 
whose communication was entitled Science 
Senes Two Masters. 

The meeting dissolved at 9 .‘10 P M 

On* Thousand Three Hundred end Twenty-third 
Meeting 

January 14, 1948, — Stated Meeiino 
The Academy met at its House at 8 20 P M. 
E N Griswold, Vice-President, in the Chair 
in the absence of the President 
There were present twenty-nine Fellows and 
six guests 

The records of the meetings of November 12 
and December 10, 1947 were read and approved 
The Corresponding Secretary reported 

1. That A W Allen, II, 4, G P Baker, III, 3, and 
W II Claflin, Jr., Ill, 4, had accepted Fellowship and 
that G. A Shajn, 1, 1, had accepted Foreign Honorary 
Membership. 

2 That the Council had designated as Fellows 
Emeriti: W L Evans, I, 3, and F B Talbot, II, 4 

3 That the President had appointed the following 
committees: 

The Committee of Publication: K. B. Murdock to 
replace K J. Conant. 

The Committee on UNESCO W G Constable, 
Hudson Hoagland, F. H Taylor, P S Wild, Jr , and I 
Amdur, chairman 

The Committee on Popular Lectures 1 E N Gris- 
wold, Ralph Lowell, and E. C Kemble, chairman 
Interim Special Committee on Membership 
Class I. J.L. Oncley, George Scatchard, Class 1 1 CA 
Janeway, R H. Wetmore, Class III R C» Caldwell, 
J. R Killian, Jr., Class IV C J. Ducassc, W. F 
Twaddell. 

4. That the Council had approved a recommenda- 


tion of The Rumford Committee granting $360 to W 
F Meggers of the National Bureau of Standards. 

A new member was introduced by a sponsoring 
Fellow 

The following communication was presented 
W J. Cunningham* New England Transporta- 
tion and Its Relation to the New England Economy 
Following the discussion of the communication, 
A P Usher spoke briefly on recent research 
trends in economics 

The meeting was dissolved at 9 45 P M. 

One Thousand Three Hundred and Twenty-fourth 
Meeting 

February 11, 1948 — Stated Meeting 
The Academy met at its House at 8 20 P M 
The President in the Chair 
There were present forty-four Fellows and one 
hundred and thirty guests 
The records of the meeting of January 14 
were read and approved 

The Corresponding Secretary stated that there 
were no Council actions to report 
Two new members were introduced by spon- 
soring Fellows 

The following communication was presented 
John von Neumann Electronic Methods of 
Computation. 

The meeting was dissolved at 9 50 P M 
One Thousand Three Hundred and Twenty-fifth Meeting 

March 10, 1948 — Stated Meetino 
The Academy met at its House at 8 20 P M 
The President in the Chair 
There were present fifty-seven Fellows and one 
hundred and nineteen guests including A L von 
Muralt, President of the Swiss Academy of 
Natural Sciences 

The records of the meeting of February 1 1 were 
read ami approved 

The Corresponding Secretary reported that 
the Council had approved appropriations total- 
ling $19,405 for salaries, meetings and mainte- 
nance for the next fiscal year and had recom- 
mended the sum of $15 00 for the next annual 
assessment 

The President announced the appointment of a 
Nominating Committee consisting of. R E 
Freeman, III, 3, chairmun, G. J. Esselen, I, 3, C 
S Keefer, II, 4, W O Ault, IV, 2 
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Two new members were introduced by spon- 
soring Fellows 

The communication entitled, Peacetime Usee of 
Atomic Energy was presented by three speakers as 
follows. 

I Problems of Power Development E. R Gilli- 
land, Professor of Chemical Engineering, Massa- 
chusetts Institute of Technology 

II Research Problems m the Physical Sciences 
C. D Coryell, Professor of Chemistry, Massa- 
chusetts Institute of Technology. 

III Research Problems in the Medical Sciences 
F D Moore, Assistant Professor of Surgery, 
Harvard Medical School 

The meeting was dissolved at 10:00 P. M. 

One Thousand Three Hundred and Twenty-ilxth Meetinc 

April 14, 1948 — Stated Meeting 

The Academy met at its House at 8 28 P M. 

The President in the Chair 

There were present twenty-three Fellows and 
thirty-seven guests 

The records of the meeting of March 10 were 
read and approved 

The Recording Secretary, in the absence of the 
Corresponding Secretary, read the list of grants 
from the Permanent Science Fund made by the 
Council 

A new member was introduced by a sponsoring 
Fellow 

The following communication was presented 

W G Constable: The Painter’s Workshop 

The meeting was dissolved at 9 45 P M 

One Thousand Three Hundred and 
Twenty-seventh Meetinc 

May 12, 1948 —Annual Meeting 

The Academy met at its House at 8 26 P. M 

The President in the Chair. 

There were present fifty-three Fellows and 
about sixty guests 

The records of the meeting of April 14 were 
read and approved 

In the absence of the Chairman of the Rumford 
Committee, Harlow Shapley, Percy W Bridg- 
man introduced the Rumford medallist for 1945, 
Edwin H. Land. The President presented Mr. 
Land with a gold and silver medal m conformity 
with the conditions of the award 


The communications entitled Theory and 
Application of Synthetic Polarizing Sheets and 
A Brief Description of the Functional Approach 
to One-step Photography were presented by Mr 

Land 

The Corresponding Secretary presented the 
following budget items which were approved by 
the Fellows 

$19,405 for items as presented at the March 
meeting, $800 appropriation for addressograph 
and accessories; $15 annual assessment for the 
year 1948-1949 

The President read the following report on 
deaths, resignations, and the status of the 
membership 

I regret to have to report the following deaths 
Twenty-three Fellows and three Follows Emeriti — 
Elliott Carr Cutler (II’ 4), Rollins Adams Emerson 
(II 2), Henry Thatcher Fowler (FE IV: 2), James 
Walter Goldthw&it, (II 1), Evarts Boutcll Greene 
(IV 2), Robert Aimer Harper (II 2), Reid Hunt 
(FE II’ 4), Ellsworth Huntington (II 1), Dunham 
Jackson (I 1), Henry James (IV 4), Grinnell Jones 
(I 3), Charles Atwood Kofoid (II 3), Frank Rattray 
Lillie (II 3), Thomas William Lamont (III 4), Alfred 
Church Lane (II 1), Burton Edward Livingston (II 
2), William Ralph Maxon (II 2), James Vance May 
(III 4), John Bassett Moore (III 2), James Hugh 
Ryan (IV 1), William Isaac Thomas (III 3), Edward 
Sampson Thurston (III. 1), Alfred North Whitehead 
(FE I’ 1), Herbert Percy Whitlock (II 1), Frank 
Clifford Whitmore (I 3), Clark Wissler (IV- 3), 
Eleven Foreign Honorary Members — Frederick Orpen 
Bower (II 2), Johannes N Bronsted (I 3), L6on 
Duguit (III’ 1), Henri Guy (IV 4), Godfrey Harold 
Hardy (I 1), Paul Hazard (IV 4), Gustaf Adolf 
Fredenk Molengraaff (II’ 1), Max Planck (I 2), 
Rudolf Stammler (III: 1), S Rudolph Stemmetz 
(III : 3), Peter Bernhardovich Struve (III 3) 

Four Fellows have resigned Walter Samuel Hunter 
(IV. 1), Lewis Don Leet (II. 1), Robert P Patterson 
(III: 1), Karl Sax (II. 2) 

Nine Fellows have been classed as Emeriti As of 
May 1, 1947 — William James Cunningham (III 3), 
Walter Fenno Dearborn (IV 1), William Lloyd Evans 
a- 3), George La Plana (IV’ 2), Elton Mayo (III’ 3), 
Ilervey Woodburn Shimer (II 1), Henry Bradford 
Washburn (IV* 1), As of May 1, 1948— Robert Bayley 
Osgood (II 4), Fritz Bradley Talbot (H 4). 

In May 1947, the election by the Council of 
thirty-four Fellows and thirteen Foreign Honorary 
Members was announced to the Academy; all except 
three Fellows (Hans Albrecht Bethe, Mildred McAfee 
Horton, Ivor Armstrong Richards) and one Foreign 
Honorary Member (I M. Vinogradov) accepted 
election. 
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The roll now includes 7b2 Fellows, 32 Fellows 
Emeriti, and 117 Foreign Honorary Members (exclu- 
sive of those elected in 1948) 

The following annual reports were read ami 
approved 

REPORT OF THE TREASURER 
( Extract ) 

•Recmptb, 1947-1948 
1 cademy, General 
Investment Income 

*32,042 51 

I-ess Income to 
Special Funds 15,275 80 

*16,765 71 

1 ’so of Facilities 2,403 96 

Assessments and Admission 
Fees 6,602 50 

I ransfer of Unexpended Ap- 
propriations 676 63 

*26,448 80 

1 label S Agassiz Fund 

Investment Income 108 80 

4 mory Prize Committee 

Investment Income 3,987 00 

Kenneth/ Fund 

Investment Income 82 00 

Library Sale Fund 

From Linda Hall Library Trustees 180,000 00 

Life Membership Fund 
From Daniel L Marsh and Saiah 
Wnmbaugh 400 00 

Permanent Science Fund 
Boston Safe Deposit and 
Trust Co , Trustee *11,894 05 

Return of Grant 350 00 

Investment Income 2,975 00 

15,219 05 

Publications Committee 

Investment Income *2,818 00 

Sale of Publications 512 24 

Lake Publications 662 50 

3,992 74 

Rumford Committee 

Investment Income *4,305 00 

Return of Grant 43 77 

4,348 77 

School Science Fund 

Boston Society of Natural History 250 00 

Special House Alterations Fund 

Fire Loss and Sales 724 00 

C M Warren Committee 

Investment Income 1,001 00 

Total Receipts 8236,562 16 

* Excluding sales of securities 


•Expenditures, 1947-1948 
Academy, General 

Salaries and Pensions *9,067.02 

Meetings and General Ad- 
ministration 3,350.74 

House Maintenance 3,976.64 

President’s Expense 143.80 

Treasurer’s Expense 713 81 

Special Appropriations 
Alterations *5,071 00 

School Science 
Fund 250 00 

5,321 00 

*22,573 01 

Mabel S Agassiz Fund 

For Meetings 108 80 

A mory Prize 

Deferred Award *4,300 00 

Expense 157 27 

4 ( 457 27 

Carnegie Corporation, for Visual Arts Con- 
ference 97 34 

Library Sale Fund 

Boxes, Express, Storage, etc. 3,077 46 

Permanent Science Fund 
Grants *6,700.00 

Expense 5 39 

6,705 39 

Publications Committee 
General *944 75 

Lake 10 59 

955 34 

Rumford Committee 

Grants *1,300 00 

Medals 591 49 

Expense 160 50 

2,051 99 

School Science Fund 63 63 

Special House Alterations Fund 8,040 51 

C M W arren Committee 

Grants 750 00 

Total Expenditures *48,880 74 

REPORT OF THE RUMFORD 
COMMITTEE 

Three grants in aid of research have been made 
during the year 1947-1948 as follows. 

To Dr Stefan L Piotrowski, of Cracow, Poland, 
*500, to assist m the construction of a photoelectric 
photometer for work on eclipsing binaries in coopera- 
tion with the International Astronomical Union’s Panel 
on Eclipsing Binaries 

To Dr William F Meggers, of the National Bureau of 
Standards, Washington, D C , *550, to assist in spec- 
troscopic researches at the Bureau of Standards by 
Professor Catalan of Madrid, Spain 

• Excluding purchases of securities 
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To Dr. Francis Birch, of the Harvard Geophysical 
Department, $400, to assist in preparing conductivity 
specimens from rocks from the Alva B Adams Tunnel 
Awards of the Rumford Premiums and Medals were 
made as follows - for 1945 to Edwin H Land for his 
pioneer work on Polaroid and its applications, for 1947 
to E NewtQn Harvey of Princeton, New Jersey, for 
his work on animal luminescence 

The Assistant Treasurer of the American Academy 
reports a balance on hand on March 8, 1948, of 
$20,064.89 

The estimated investment income for 1948-1949 is 
$4,535. The total available for appropriation is 
$24,599 89 

Respectfully submitted, 

Harlow Sharley, Chairman 

May 12, 1948 


REPORT OF THE CYRUS M WARREN 
COMMITTEE 

The Committee had Available for grants during 
1947-1948 the sum of $1000 00 which amount was 
voted for awards at the meeting on March 12, 1947 
The following grants were made, after consideration 
by the Committee, of the applications submitted 
To Doctor Charles L Biekcl of the Phillips Exeter 
Academy, a grant of $150 00 to provide supplies and 
perhaps apparatus for research problems in organic 
chemistry 

To Professor L V Coulter of Boston University, a 
grant of $300 00 for the construction of apparatus in 
connection with a study to determine the effect of 
molecular structure on hydrogen bond strengths 
To Professor A. E Martel! of Clark University, a 
grant of $300 00 to assist in the purchase of apparatus 
for uso in an investigation involving electrical con- 
ductivity measurements of dilute non-aqueous solutions 
A letter was received from Professor Martell report- 
ing on the purchase of apparatus and the progress of 
the research program, and expressing his thanks and 
that of Clark University to the Cyrus M Warren 
Committee for the assistance 
A letter from Doctor Bickel reports on the progress 
of his research project One problem has been com- 
pleted and a manuscript based on the work has been 
accepted for publication 

Respectfully submitted, 

Frederick G Keyes, Chairman 

May 12, 1948 

REPORT OF THE COMMITTEE OF 
PUBLICATION 

The Committee has held only one meeting during 
the year though there was some exchange of informa- 
tion and opinion by correspondence and orally. 

No monographs or books were submitted for publi- 
cation during the year 


This is the first year under the new Statutes which 
require the publication of a Summer and a Winter 
number of the Proceedings, each of which is to include 
certain material As the Academy did not begin to 
operate under the new Statutes until the fall, the 
Winter number, now in press, will bo distributed to 
membere only this month The Summer number, 
part of which is in type, should be ready in September 
These two numbers will conclude Volume 76 Here- 
after the Winter number will appear as soon as possible 
after the December meeting, the Summer number after 
the Annual meeting 

Beginning with January, 1948, five monthly numbers 
of the Bulletin have been issued In the ensuing year 
the statutory number of eight will be published All 
the work entailed by this publication has been accom- 
plished by the Executive Officer of (he Academy, Mr 
Ralph Burhoe 

The manuscript of a Study of Massachusetts Facilities 
for Child Health, mentioned in the last report, has not 
yet been submitted 

The expenditures for 1947-1948 were only $772 46 
However the cost of two numbers of the Bulletin and 
of the two numbers of the Proceedings will appear in 
the statement for 1948-1949 The new year will also 
see the full volume of eight Bulletins that we estimate 
will cost about $1,100 The expenses for (lie past 
year were therefore abnormally small The reserve 
balance of $11,832 and the estimated $2,750 income 
from investments provide a substantial backlog to 
meet unforeseen expenses or increases in the printing 
costs We may also count on a certain amount from 
sales of publications In the past year this item was 
$42907 and we may expect the sales to continue at 
approximately the same rate Funds are therefore 
available for the publication of all acceptable manu- 
scripts that are likely to be presented within the com- 
ing twelve months 

The Editor has discussed with the Publication Com- 
mittee and the Executive Officer the advisability of 
soliciting manuscripts for publication We feel that 
the Fellows have gotten out of the habit of thinking of 
the Academy when they have manuscripts for publica- 
tion Wo propose to call the attention of the members 
to the advantages of publication in the Proceedings and 
the Memoirs through a note in the October number of 
the Bulletin We should constantly have on hand 
material for one full number of the Proceedings This 
would not delay publication as long as it is delayed by 
most professional journals, some of which are two 
years or more in arrears Our aim is to achieve 
prompt and regular issuance of the Proceedings and to 
cover all the fields of interest in rotation Obviously 
this goal cannot be attained unless manuscripts are 
regularly submitted from all classes and sections of the 
Academy. 

Respectfully submitted, 

Taylor Starch, Chairman 

May 12, 1948 
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REPORT OF THE LIBRARY COMMITTEE 
Following the sale, so skillfully organized by Mr 
Metcalf, of our main holdings to the Linda Hall 
Library of Kansas City, the small remainder of some 
650 early volumes has been disposed as follows. 

The greater part — a bequest of our first President, 
Governor James Bowdoin — has been deposited at 
Bowdoin College, where much valuable Bowdoin 
material is already attractively housed The Boston 
Athenaeum, where for many years our library had its 
home, is again the custodian of the great folio sets 
given by John Adams and bequeathed by Benjamin 
Franklin, respectively Further, a number of 18th 
century editions of the classics given by Francis 
Vergmes de Bonischere, once a prominent physician of 
Newburyport, are now at the Essex Institute of Salem 
It is believed the above assignments are such as to 
afford especially appropriate settings for these perma- 
nent loans, and at the same time to render them of 
most use to scholars Our reading room will still 
retain a few shelves of books representative of mis- 
cellaneous early donors 

Mrs Mabel Frothingham Ball's retirement after 
twenty-five years as Assistant Librarian calls for more 
than usual notice from the Academy Her service, 
not only as a trained librarian but as a general executive 
secretary, has been uniformly faithful— at times even 
in the face of almost mortal illness The detailed 
grasp of Academy affairs, past and present, that she 
acquired has of late been of invaluable aid in the insti- 
tution of our new executive department 
With this occasion the traditional library administra- 
tion comes to an end, but it gratifying to note the per- 
petuation of the post of Librarian, under which a 
number of important functions related to income and 
outgo of published material are bound to call for 
continued attention The retiring Librarian would 
express to his fellow members of the Committee his 
utmost gratitude for their unstinted helpfulness and 
generous counsel during these years of transition 
Respectfully submitted, 

Frederick Haven Pratt, Chairman 

May 12, 1048 


REPORT OF THE HOUSE COMMITTEE 

The use of the House by other organizations, as 
recommended by the Mather Commission report, has 
increased greatly during the year. An indication of 
this is shown in the increase from $205, for the previous 
year, to $2,404, in the present year, m re-imbursement. 
for the use of our facilities The Co-operative Broad- 
casting Council of the Lowell Institute has continued 
to occupy 1,200 square feet on the fourth floor, and the 
second and third floors of the stacks are still being 
occupied by the Library of the Boston Museum of 
Science. The organizations in addition to the Acedemy 
using the facilities for meetings are listed below 


Number oj Meeting * 


American Association of University Women I 

American Institute of Decorators . 3 

Antiques Committee, Massachusetts State Federa- 
tion of Women’s Clubs 3 

Boston College Institute of Adult Education 15 

Boston Mineral Club 3 

Boston Society of Civil Engineers 2 

Boston Teachers Union 9 

Brookline Bird Club 2 

Children’s Museum 4 

French Center of New England 15 

Herbert Read Lecture (Institute of Contemporary 

Art, M I. T , etc ) 1 

Institute of Religious and Social Studies 6 

Joyce Kilmer Post, American Legion 9 

Lowell Institute Co-operative Broadcasting Council 1 
Now England Botanical Club 9 

New England Farm and Garden Association 7 

Pan American Society 3 

Radchffe Alumnae 1 

Soil Conservation Society 1 

Total number of meetings (of 19 societies) 95 


About 7,500 persons attended meetings at the 
Academy held by outside organizations. 

Besides the regular meetings of the Academy, there 
have been about 50 meetings of various committees 
and sub-committees of the Academy at the House 

During the year the remainder of the library books 
sold to the Linda Hall Library were shipped and the 
top three floors of the library stack wing are now 
essentially empty of our books During the year a 
lietition for use of these top three floors by an outside 
organization was declined on account of expense 
involved and the uncertainty of the Academy’s own 
needs 

Further alterations and renovations of the House 
continued The Reading Room was cleaned and 
painted, and new lighting was installed, the two front 
rooms on the first floor were converted to office Bpace, 
the mam portion of the first floor was altered to make 
it suitable for an exhibit hall, the closet room adjacent 
to the Reading Room was equipped with a sink to make 
it more useful m connection with serving refreshments 
and buffet style meals in the Reading Room, the 
former office of the Librarian was converted to a 
conference room 

The expenditures of the House Committee for 
regular operations totalled $6,772 65, as listed below 


House Maintenance 

Coal $1,024 08 

Gas 22 05 

Electricity 900 74 

Elevator 545.34 

Water . 39.00 

Equipment 298.45 

Supplies and Repairs 600.97 
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Fire Insurance $543 60 

Telephone 262 94 

Caretaker 1,93307 

Pensions 600 00 

Miscellaneous 2 41 


Total $6,772 65 

Tho appropriation for the House Committee was 
$5,600, in addition to which there was an income of 
$2,403 96 for the use of facilities, making a total of 
$8,003 96, and leaving unexpended, $1,231 31 
For special alterations there was expended $8,040 51 
Made available for this was a total of $12,477 73, 
consisting of the following 


Balance remaining of first appiopnation 
for special alterations $6,682 73 

Receipts for sale of stacks 500 00 

Receipts for fire loss of equipment loaned 224 00 

Appropriation by Council for furthei al- 
terations 5,071 00 


Total $12,477 73 

This leaves $4,437 22 unexpended balance of the funds 
for special alterations. The Committee revised Section 
4 of the Rules for the Use of the House to read as 
follows. 

“Fellows may use the Committee Room on the third 
floor without charge For the use of this room by 
others, the charge will be $5 00 For the use of the 
Assembly Hall, a charge of $15 00 will be made for 
each occasion, for the Reading Room, there will be a 
charge of $10 00 if no refreshments arc served, or 
$15 00 if there are refreshments An additional charge 
of $5 00 will be made for each hour or fraction of 
an hour dunng which the rooms are occupied after 
IIP M. The House Committee is authorized, how- 
ever, to reduce the charges in special cases ” 

In closing I wish to pay tribute to the excellent 
service rendered by our Executive Officer Mr Burhoe, 
whose energy, ability and vision simplify greatly the 
work of the House Committee 

Respectfully submitted, 

Charles M Spofford, Chairman 

May 12, 1948 

REPORT OF THE COMMITTEE ON THE 
PERMANENT SCIENCE FUND 
The Committee on the Permanent Science Fund 
awarded eight grants-m-aid for a total of $4,400 
during the fiscal year 1947-1948, as follows. 

1 To Elso S Barghoorn, Assistant Professor of 
Botany and Curator of Paleobotany, Harvard Uni- 
versity, Cambridge 38, Mass , for a paleobotanical 
study of lignite in Vermont, $600 
2. To Charles T. Brues, Professor of Entomology, 
Emeritus, Biological Laboratories, Harvard University, 
Divinity Avenue, Cambridge 39, Mass, for further 
classification of insects in amber, $615 


3. To Lincoln Constance, University of California, 
Visiting Professor at Harvard University, Acting 
Director of Gray Herbarium, Cambridge 38, Mass , 
for travel for field study in Texas on the mode of 
origin of certain wild plant species, $350 

4 To Kenneth J Conant, School of Design, Harvard 
University, Cambridge 38, Mass , for aid in a three 
dimensional study of a Mediaeval Monastic group 
which formerly existed at Cluny in Burgundy, $425 

6 To Hallam L Movius, Jr , Peabody Museum, 
Harvard University, Cambridge 38, Mass , for a sup- 
plementary grant for his study of Paleolithic Culture 
in the U S 8. R , publication of which has beeu 
assured from another source, $750. 

6 To Bernard F Riess, Department of Animal 
Behavior, American Museum of Natural History, 135 
Cushman Road, Scnrsdalc, New York, for aid in a 
study of relation of diet to susceptibility to audiogenic 
and stress shock, $1,000 

7 To Alexander Forbes, Harvard Medical School, 
25 Shatluck Street, Boston, Mass , for continuation of 
study of refractory phase in cerebral mechanism, $300 

8 To William M Ingram, Department of Zoology, 
Mills College, Oakland 13, California, for completion 
of a study of “Fossil and Recent Cypraeidae of the 
Eastern Regions of the Americas,” $360 

The Committee, for its own guidance, has formulated 
certain principles in respect to recommending grants- 
in-aid, as follows 

In general, it favors granting support to individuals 
lather than to organizations, although grants are 
permissible to public or private associations, societies 
or institutions 

Special consideration is deemod to be appropriate for 
projects on new frontiers of science, those which lie 
between or include two or more recognized fields, and 
to those proposed by investigators who may be on the 
threshold of investigational careers, or who are handi- 
capped by lack of resources 

The Committee ordinarily does not approve grants 
for the purchase of non-expendable equipment of a 
type which can usually be expected of an institutional 
laboratory, but does recognize that for special purposes, 
regular or special equipment may be needed and 
approvable 

The Committee believes that the purpose of the 
Fund can best be served by something of the order of 
10 grants per year, not exceeding $1,500 each, although 
it is aware of the accumulated funds which make 
possible support of a limited number of large projects 
Respectfully submitted, 

John W M Bunker, Chairman 

May 12, 1948 

REPORT OF THE AMORY PRIZE COMMITTEE 

The Committee on the Amory Prize met five times 

(1) May 7, 1947 A report was prepared for sub- 
mission to the Council recommending the Prize to six 
persons, viz , Drs Dorfman, Huggins, Kenyon, 
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Kochakian, Maman, and Olive Smith The report 
was rejected by the Council on the ground that the 
Septenmum did not expire until November 10, 1047, 
and recommendations were not in order until after 
that date 

(2), (3) January 14 and 26, 1048 The Committee 
took up the rejected report, reread the Amory will, 
decided to place more emphasis on studies close to 
therapy, drew up a list of persons who should be con- 
sidered for the prise, and parcelled out among the 
members those whose contributions each should in- 
vestigate 

(4) February 11, 1048 Tho Committee members 
reported their findings, there was ample discussion, a 
list of six persons, viz , Drs Huggins, Marnan, Waks- 
man, Papanicolaou, Kolff and Gutman (who had tho 
cooperation of his wife) was adopted in that order but 
without prejudice or preference as to relative merit , u 
report to the Council was prepared recommending that 
the prize lie equally divided between these six and that 
certain arrangements be made as tokens of tho esteem 
in which they were held by the Academy The report 
was referred by the Council for legal advice, upon 
receipt of which it was recommitted to the Committee 
with a copy of the legal opinion 

(5) May 5, 1948 The Committee mem hers studied 
and discussed the legal opinion, in which they wen- 
much disappointed, and formulated a new report 
recommending the same six persons foi the prize and 
leaving to the Council the determination of the amounts 
of the prizes and the arrangements for distributing 
them Tho amount available for the prizes is reported 
to be $23,289 less whatever may be appiopnntely 
deducted for administrative expenses 

Respectfully submitted, 

May 12, 1948 Edwin B Wilson, Chairman 

It was voted to send a note of appreciation to 
Frederick H Prutt for his long service to the 
Academy as Librarian 

The annual election of officers and committees 
was held The Fellows proposed by the Nomi- 
nating Committee were elected to office as follows 


Howard M Jones 
Roland G D Richardson 
Irving W. Bailey 
Robert B Stewart 
Donald Scott 
John W M Bunker 
Horace S. Ford 
Henry R Viete 
Taylor Starrk 


President 
V ice-President for Class l 
Vice-President for Class II 
Vice-President for Class III 
Vice-President for Class IV 
Secretary 
Treasurer 
Librarian 
Editor 


House Committee 
Chester M. Alter, Chairman 
II Addington Bruce John B Wilbur 

Committee on Membership 
The President, Chairman, ex officio 
To serve for one year To serve for two years 

J Lawrence Oncley Class I George Scatchard 

Charles A Janeway Class II Ralph H Wotmorc 
Robert G Caldwell Class III James R Killian, Jr 
Curt, J Ducasse Class IV W Freeman Twaddell 
Committee on Meetings 
The President, Chairman, ex officio 
The Secretary, ex officio 

Bart J Bok Arthur Clay Cope 

Douglass V Brown Henry B Phillips 

Committee on Finance 
The Treasurer, Chairman, ex officio 
Halph E Freeman Henry P Kendall 

Jerome C Hunsaker Henry L Shattuck 

Auditing Committee 

Thomas H Sanders Donald H Tucker 

Committee on Publication 
The Editor, Chairman, ex officio 
Finest H Huntress Kenneth V Thimann 

Kenneth B Murdock Thomas North Whitehead 
Permanent Science Fund Committee 
John W M Bunker, Chairman 
Kirk Bryan Edward L Moreland 

Gustavus J Esselen Julius A Stratton 

A Baird Hastings Payson S Wild, Jr 

Rumford Committee 
Harlow Shapley, Chairman 

Percy W Bridgman Joseph H Keenan 

Arthur C Hardy Edwin II Land 

George R Harrison FranciB O Schmitt 

C M Warren Committee 
Ficdonck G Keyes, Chairman 
Edwin J Cohn Charles A Kraus 

Louis F Fieser Avery A Morton 

Hudson lloaglnnd Walter C Schumb 

Amory Prize Committee 
Edwin B Wilson, Chairman 
William B Castle George W Thorn 

Roy G HoskinR George B Wislocki 

Gregory Pmcus S Burt Wolbach 

New Fellows and Foreign Honorary Members 
were elected to the Academy as follows 


Councillors to Serve Four Y ears 


FELLOWS 


Isadore Amdur 
Arlie V. Bock 
Keyes DeW Metcalf 
Crane Brin ton 


Class l Class I, Section 1 

Class II William Ted Martin 

Class III Hassler Whitney 

Class IV Oscar Zanski 


Cambridge 

Cambridge 

Cambridge 
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Class I, Suction 2 


Ennco Fermi 

Chicago, III 

Bruno Benedetto Rossi 

Cambridge 

Julian Seymour Schwinger 

Cambridge 

Victor Frederick Weisskopf 

Cambridge 

Class I, Section 3 

Carl Ferdinand Con . 

St Louis, Mo 

Charles duBois Coryell 

Cambridge 

Vincent du Vigneaud 

New York, N. Y 

Robert Burns Woodward 

Cambridge 

Class I, Section 4 

John Chipman 

Cambridge 

Ivan Alexander Getting 

Cambridge 

Edwin Richard Gilliland 

Cambridge 

Hoyt Clarke Hottel 

Cambridge 

William Henry McAdams 

Cambridge 

Thomas Kilgore Sherwood 

Cambridge 

Theodor von Kdrm&n 

Pasadena, Cal 

Walter Gordon Whitman 

Cambridge 

Class II, Section 1 

Arthur Francis Buddington 

Princeton, N J. 

Adolph Knopf 

New Haven, Conn 

George Gaylord Simpson 

New York, N Y 

Class II, Section 2 

Edward Sears Castle 

Cambridge 

William Jacob Robbins 

New York, N Y 

William Randolph Taylor 

Ann Arbor, Mich 

Frits Warmolt Went 

Pasadena, Cal 

Class 11, 

Section 3 

Edward Adelbert Doisy 

St. Louis, Mo 

Wallace Osgood Fenn 

Rochester, N Y 

Herbert Spencer Gasser 

New York, N Y 

Edmund Newton Harvey 

Princeton, N J 

Hubert Bradford Vickery 

New Haven, Conn 

George Wald 

Cambridge 

Sewall Wright 

Chicago, 111 

Class II, 

Section 4 

Francis Gilman Blake 

Now Haven, Conn 

Allan Macy Butler 

Boston 

Edward Delos Churchill 

Boston 

John Rock 

Boston 

Class III, Section 1 

Charles Allerton Coohdge 

Boston 

Class III, 

Section 2 

William Lockhart Clayton 

Washington, D. C 

Howard Eugene Wilson 

New York, N. Y 

Class III, Section 3 

Richard Bissell, Jr 

Cambridge 

Bishop Carleton Hunt 

Boston 

Class III, Section 4 

Erwin Dain Can ham 

Boston 

Charles Woolsey Cole 

Amherst 

Robert Cutler 

Boston 


Herbert John Davis 

Northampton 

Dwight David Eisenhower 

New York, N Y 

Carl Stephens Ell 

Boston 

Francis Calley Gray 

Boston 

Paul Gray Hoffman 

Washington, D C 

Carl Tilden Keller 

Boston 

David Eh Lihenthal 

Washington, D C 

Alfred Pritchard Sloan, Jr 

New York, N Y 

Henry Merritt Wriston 

Providence, R I 

Class IV, 

Section 1 

Rudolph Carnap 

Chicago, 111 

Frederick May Ehot 

Boston 

Arthur Edward Murphy 

Ithaca, N Y 

Hans Reichenbach 

Los Angeles, Cal 

Alfred Tarski 

Berkeley, Cal 

Class IV, 

Section 2 

Margaret Mead 

New York, N Y 

Class IV, Section 3 

Bernard Bloch 

New Haven, Conn 

Leonard Bloomfield 

New Haven, Conn 

Yuen Ren Chao 

Berkeley, Cal 

Berthold Louis Ullman 

Chapel Hill,N C 

Class IV, Section 4 

Bartlett Harding Hayes, Jr, Andover 

Edward Hopper 

New York, N. Y 

Jolrn Mann 

Chffside Park, N J 

Thomas Munro 

Cleveland, 0 

Erwin Panofsky 

Princeton, N J 

Bruce Simonds 

Hamden, Conn 

John Sloan 

New York, N Y 


FOREIGN HONORARY MEMBERS 
Class I, Section 2 

Max von Laue 
Arnold Sommerfeld 

Class I, Section 3 
Sir Robert Robinson 
Tlie Svedberg 

Class II, Section 2 
P. Boysen-Jensen Copenhagen 

Birbal Sahni Lucknow, India 

Clasb II, Section 3 

Charles Herbert Best Toronto 

Archibald Gowanlock Huntsman Toronto 

Class III, Section 1 

L6on Julhot de la Morandidre Pans 

Class III, Section 2 

Jos4 d’Almada Lisbon 

Class IV, Section 4 

Jean-Mane Carr6 Pans 

Diego Rivera Coyacan, Mexico 

Jan Hendrik Scholte. Amsterdam 

The meeting dissolved at 1007 P M 


Gottingen 

Munich 


Oxford 

Upsala 
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